

MATRICES AND DETERMINANTS 


iiiof matrices: 


The idea of matrices was given by 
S Mur Cayley. an English mathematician 
| ofninetecnth century who first developed, 
Hieory of Matrices" in 1858. 

Ql, Mme the following tenus. 

(I) Matrix 

“A rcctangular array or a formation 
of a collection of real numbers, say 0, 1,2, 
13 4 
7 2 0 


3. 4 and 7, such as: 


and then 


enclosed by brackets ‘| ]’ is said to form a 


matrix 


Similarly 


is 


Tl 3 4 
[7 2 0 

another matrix. 

The matrices are denoted 
uventionally by the capital letters 

A.B,C ,M,N etc. of the English 

alpha et. 

(ii) Order of a Matrix 

The number of rows and columns 
in a matrix spécifiés its order. If a matrix 
M has m rows and n columns then M is 
said to bc of order, rn-by-n. For example, 
h 2 3b 


M = 


,1 0 2j 


is order 2-by-3, 


(iii) Equai Matrices 


Let A and B be two matrices. Then A 
is said to be equai to B, and is denoted by 
A = B, if and only if; 

(i) The order of A = The order ol B 

(ii) Their corresponding entries are equai. 



(i) 


A = 


and B = 


2 +-1 
4-2 


are equai matrices. 

We see that: 

(a) The order of matrix A = The order of 
matrix B 

(h) Their corresponding éléments are 
equ^l. 


(ü) 


2 3 1 and M = 

2 3 ' 

L -1 2 j 

-1 -2 


are 


not equai matrices. 

We see that: order of L = order of M 
but entries in the second row and second 
column are not same, so L ■t- M. 


(iii) 


2 

! -i 


and Q = 


2 


3 

2 


are not equai matrices. 

We see that order of P * order of 

Q, so P ï Q. 


Exercise 1.1 


i. Kind the order of the following 
matrices. 

2 3 1 


i A 


J 

'L - 5 6 
'2 0 ] 
3 5Ï 


order of A is 2-by-2 
order of B is 2-by-2 


^ order of C is l-by-2 

order of D is 3-by- 1 


D - 







E 


a d 
b e 
c f 


order of E is 3-by-2 


F — [2] 


G = 


H = 


2 3 

1 2 

2 4 

2 3 4' 

1 0 6 


order of Fis 1-by-i 
0' 

, order of G is 3-by-3 


order of H is 2-by-3 


A =13], 


B=[3 5],C = [5 - 2] 

'4 0 


D = [5 3],E 


2l 

6 


G 


3-1 
3 + 3 


H: 


I = [3 3 + 2] 


2 + 2 2 - 2 ' 
2+4 2+0 


Ans. Equal matrices are 
A = C B = 1 

E = H = J F = G 

3. Find the values of a, b, c and d 


which satisfy the matrix équation. 


a + c 

a + 2b 


'0 

~T 

c — 1 

4d - 6 


3 

2d_ 


Ans. a + c = 0... 
a + 2b — —7 


•U) 

■(H) 


2. Which of the folîowing matrices 
are equal? 


c — I =3 .... 
4d - 6 = 2d 
From (iii) 
c = 3+1 


..(iü) 

-Civ) 


c = 41 


From (iv) 
4d - 2d = 6 
2d = 6 
, 6 


El 

Put value of c = 4 in (i)j 
a + 4 = 0 

E3 


Put value of a = -4 in (ii) 
-4 + 2b = -7 
2b = -7 + 4 
2b = -3 


o 


-3 

2 


Types of Matrices 
(e) Row Matrix. 

A matrix is cailcd a row matrix if n 
has only one row. 

e.g.; the matrix M = [2 -1 7] is a 

row matrix of order l-by-3 and 
M = [l — l] is a row matrix of order 1- 
by-2. 

(ii) Coiumn Matrix. 

A matrix is called a coiumn matrix 


if it has only one coiumn e.g.. M 


0 


and N = 


L^J 


arc column matrices of order 
2-by-l and 3-by-l respectiveiy. 


(e) Rectangular Matrix. 

A matrix is caiied rectangular if, 
the number of rows of M is not equal to 
tbe number of columns of M. 



C=[l 2 3] 


and 


are ail rectangular matrices. The 


order ot A is 3-by-2, the order of B is 2- 
by-3, the order of C is l-by-3 and order of 
b 3-by-l, which indicates that in each 
matnx the number of rows * the number 
of colÜhms. 

(e) Square Matrix. 

A matrix is called a square matrix 
if its number of rows is equal to its 
number of columns. 


e-g., A = 


'2 

-i" 


I 2 

3' 

0 

3 

, B = 

-1 

0 

-2 

L 

J 


0 

I 

3 


and 


C-[3] are square matrices of orders 

-2-by-2, 3-by-3 and 1-by-l respectiveiy. 

w Null or Zéro Matrix. 


A matrix M is called a null or zéro 
matrix if each of its entries is 0. 


e.g., 


and 


0 

0 

l~0 

0 

0 


0 

0 

0 

0 

0 


[0 o]. 


0 0 0 
0 0 0 


ol 

0 

0 


are null matrices of 


orders 

2-by-2, l-by-2, 2-by-l, 2-by-3 and 3-by-3 
respectiveiy. Null matrix is represented by 
O. 

(vi) Transpose of a Matrix. 

A matrix obtained by 
interchanging the rows into columns or 
columns into rows of a matrix is called 
tr?".sposc of that matrix. If A is a matrix 
then its transpose is denoted by A 1 . 

1 2 

ni) If A = 


e-g 


then A 1 - 


2 

-I 

1 

2 

3 


1 

4 

2 

1 

0 


3 

0 

-2 

4 

-2 


Note: If a matrix A is of order 2-by~3 
then order ofits transpose A‘ is 3-by-2 
(vii) Négative of a Matrix. 

Let A be a matrix. Then its 
négative, —A, is obtained by changing the 
signs of ail the entries of A, i.e., 


If A = 


-21 


4 


, then -A = 


-3 


2 

-4 


(viîi) Symmetric Matrix. 

A square matrix is symmetric if it 
is equal to its transpose i.e., matrix A is 
symmetric if A=A. 


e.g. (i) 


If 


M 


is a square matrix, then 


M l = 


1 2 3 

2-14 
3 4 0 

symmetric matrix. 


(ii) If 


1 

2 

1 


then A f = 


2 
1 

3 

Hence 


3~] 

1 


5* A 


matrix. 


-1 
2 

2 3 

A is not a symmetric 

(x) Skew-Sy mmeiric Matrix. 

A square matrix A is said to be 
skew-symmetiic if A 1 -— A. 

'0 2 
-2 0 
-3 


e.g. 


If 


A 


-1 


3l 

1 

0 


, then 



"0 

-2 -3" 


0 -2 -3" 

A l = 

2 

0 -1 

= 

-(-2) 0 -1 


. 3 

1 0 


_(_3) -(-1) 0 


' 0 

2 

3' 


__ 

-2 

0 

1 

= -A 


-3 

-1 

Ü_ 



Since A 1 = -A, therefore A is a 
skew-symmetric matrix. 

(x) Diagonal Matrix. 

A square matrix A is called a 
diagonal matrix if atleast any one of the 
entries of its diagonal is not zéro and non- 
diagonal entries must ail be zéro. 


"1 

2 

3' 



1 

0 

0 ' 


1 

o~ 

0 

2 

-1 

4 


0 

> 

II 

0 

2 

0 

, B = 

0 

2 0 

. 3 

4 

0 



0 

0 

3 


0 

0 2 





0 

0 

0" 







and C = 

0 

1 

0 

are 

ail 

diagona 

Thus 

M 

is 

a 


0 

L 

0 

3 





matrices of order 3-by-3 

"2 0 


M = 


0 


and N = 


are diagonal matrices of order 2-by-2.^ 

(xi) Scalar Matrix. 

A diagonal matrix is called a scalar 
matrix, if ail the diagonal entries are same 

k 0 0 

and non-zero. For example 


0 

0 


k 

0 


0 

k 


where k is a constant *0, 1. 



'2 

0 

0' 







, B = 

■3 

0 

AIso A = 

0 

2 

0 

0 



0 

0 

2_ 




and 


C = [5] are scalar matrices of order 3-by- 

3, 2-by-2 and 1-by-l respectively. 

(xii) Identity Matrix. 

A diagonal matrix is called identity 
(unit) matrix if ail diagonal entries are 1 
and it is denoted by I. 

'1 0 0 “ 

0 1 0 


e.g-. 


0 0 1 


is a 3-by-3 


identity matrix 
‘1 0 
0 l 


B = 


C-[l] 


is a 2-by-2 identity matrix, 
is a 1-by-l identity matrix. 


1. From the following matrices, 
identify unit matrices, row matrices, 
column matrices and null matrices. 

‘0 0 " 


Ans. A = 


° 0 
B = [2 3 

'4 
0 
6 j 

'1 0 
0 1 


4], 


Null matrix 
Row matrix 


D = 


E=[0], 
'5 


F = 


Column matrix 

, Unit matrix 
Null matrix 

Column matrix 


2. From the following matrices, 

identify 

A (a) Square matrices 

(b) Rectangular matrices 

(c) Row matrices 

(d) Column matrices 

(e) Identity matrices 

(f) Null matrices 

Ans. (a) Square Matrices: 

'6 -4" 


(iii) 


(iv) 


1 0 
0 1 


Ans. (b) 


Ans. (c) 
Ans. (d) 


Ans. (e) 


Ans. (f) 


(viii) 


1 2 3 

-12 0 
0 0 1 

Rectangular Matrices 

-8 2 7 
12 0 4 

'3 


(i) 


(ii) 0 

1 

"1 2 

(v) 3 4 

5 6 . 

Row Matrices: 

(vi) [3 10 -1] 

Column Matrices: 

'3" 


(ü) 


(vii) 


Identity Matrices: 
'1 O' 

0 1 
Null matrices: 


(iv) 




0 0" 


(ix) 

0 0 



0 0 



3. From the following matrices, 
identify diagonal, scalar and unit 
(identity) matrices. 

'4 0 


A = 

B = 

C = 

D = 


E = 


0 

2 

0 

1 

0 

'3 

0 

5-3 

0 


B = 


3 -1 

2 L 


C = 


2 6 
3 2 


D = 


-3 2 
-4 5 



E = 

'1 

-5' 

9 


_2 

3 


0 

1 + 1 


Ans. 


Scalar matrices 

4 0 

0 4 


A = 


E = 


5-3 

0 


0 

1 + 1 


Unit Matrices: 

1 


C = 


0 


Diagonal Matrices: 

'4 0' 


A = 


C = 


4 

0" 

1 


B 


0 


E = 


5-3 0 

0 1 + 1 

4. Find négative of matrices A, B, 
C, D and E when: 


Négative of matrices 
-1 

Ans. A — 


Ans. -B 


0 
! 

-3 1 


Ans. 


-C = 


-2 

-2 


Ans. -D = 


-3 -2 

'3 -2 


Ans. E = 

5. 


-5 


Find the transpose of each of i 
following matrices: 

Ans. (i) 







" 0 ' 


_ 3 

ol 





0 

0 


A = 

1 






."2. 


A = 

" 1 ' 

0 

7 

C = 

1 2“ 

2 -1 


-1 



3 0 


A 1 = [0 1 -2] 

r 5 


B = [5 1 -6] => B 1 = 


C' = 


-6 

r l 2 


-1 


E = 


6 . 

k- 


2 3 

0 5 

2 : 
-4 5 

1 2" 1 

3 4 

Vcrify 

? 


D' 


0 

5 

-4 

5 


F = 


0 


R = 


that 
lhen 

0 


4 



2 3 0l 

"-2 3 4 



e.g., A = 

! and B = 

_ 1 2 3 


if 

10 6 


(*) 

(ü) 

Ans, (i) 


(A 1 ) 1 = A 
(B’)’ = B 

(AV = A 


L.H.S = (AV 


A = 

A’ = 


l 


(A7 = 


1 2 
0 1 


(A 1 ) 1 = A = R.H.S. 
Hence '*L.H.S = R.H.S. 


Ans. (ii) (B) = B 
L.H.S = (B 1 ) 1 
1 1 


B - 

B 1 = 

m 


2 0 

1 2 
1 0 


1 1 
2 OJ 


Hence 


(B 1 )’ =B 
= R.H.S 

L.H.S = R.H.S. 


Addition and Subtraction of Matrices 
Defîne Addition of Matrices. 

Let A and B be any two matrices 
with real number entries. The matrices A 
and B arc conformable for addition, if they 
hâve the sanie order. 


are 


conformable for addition. 

Addition of A and B, written A+ B 
is obtained by adding the entries of the 
matrix A to the corresponding entries of 
the matrix B. 


c.e., A + B = 

v> 


'2 3 0" 

J 

"-2 3 4 

J 0 6 


... 1 2 3 _ 


1 



"2 + (-2) 3 + 3 0 + 4] 

*0 6 4 " 

0' 



1+1 0 + 2 6 + 3 [ 

_2 2 9_ 

1 


Defîne Subtraction of Matrices. 



If A and B are two matrices of 
same order lhen subtraction of matrix B 
from matrix A is obtained by subtracting 
the entries of matrix B from the 
corresponding entries of matrix A and it is 
denoted by A — B. 


e.g., A = 


and B = 


2 3 4 
1 5 0 

conformable for subtraction. 


0 2 2 
-14 3 


are 


i.c., A -B 


2 3 4 
l 5 0 


0 2 2 
-14 3 


' 2-0 3-2 4-2" 


"2 12" 

I -(— 1) 5-4 0-3 


2 1 — 3_ 


Multiplication of a Matrix by a Real 
Number 

Let A be any matrix and the real 
number k be a scalar. Then the scalar 


multiplication of matrix A with k is 

obtained by multiplying cach entry of 

matrix A with k. It is denoted by kA. 

1 -1 4 

Let A= 2 -1 0 

-13 2 


be a matrix of 


order 3-by-3 and k=-2 be a real number. 
Then 

kA = (-2)A 

' 1 -1 4l 

= (- 2 ) 2 -1 0 

(- 2)1 
(~2)(2) 

L(-2)H) 


-2 

-4 

2 


2 

2 

-6 


3 2 

( — 2)( — I) 
(— 2 )(— 1 ) 
(~2)(3) 
-8 
0 
-4 


(~2)(4) 

(-2X0) 

K9(2) 


Commutative and Associative Laws of 
Matrices 

(a) Commutative Law under Addition 

Il A and B are two matrices of the 
same order, then A + B = B + A is called 
commutative law under addition. 


Then 


A + B 


“2 

3 

0 ' 


'3 

-2 

5 ‘ 

5 

6 

1 

+ 

-1 

4 

1 

2 

1 

3_ 


4 

2 

-4 

_ 


1 


"5 

1 

5 ' 


- 

4 

10 

2 



6 

3 

-1 



'2 

3 0" 



'3 

-2 


5 ‘ 

Let A = 

5 

6 1 

9 

B = 

-1 

4 


I 


2 

1 3 



_ 4 

2 

-4 

J 


'3 

-2 

5 “ 


and 





B = 

-1 

4 

1 



' 1 

2 

3" 



4 

2 

-4 


C = 

-2 

0 

4 







1 

2 

0 



"2 + 3 

3-2 

0 + 5" 


5-1 

6 + 4 

1 + 1 

= 

2 + 4 

1 + 2 

3-4 



1 

10 

3 


5 

2 


Similarly 


B + A = 


3 

-1 

4 


4 

2 


5 

1 

-4 



"2 

3 

o" 

+ 

5 

K 

î 


2 

1 

3 


Thus the commutative law of 
addition of matrices is verified. 

A + B = B + A 

(b) Associative Law under Addition 

If A, B and C are three matrices of 
same order, such that (A+B)+C=A+(B+C) 
is called associative law under addition. 

'2 3 0' 


Let 


A = 


6 

1 


Ihen 


(A + B) + C: 


/ 

2 3 0 " 


3 -2 5 

\ 


5 6 1 

+ 

-1 4 1 



r M 


4 2-4 

J 


1 

-2 

I 

2+3 

5-1 

2+4 


1 

10 

3 

3 

10 

5 


3 

4 
0 

3-2 
6 + 4 
1 + 2 

5 
2 

-1 

8 ' 

6 

-I 


0 + 5 

1 + 1 
3-4 

1 

-2 


2 

O 

2 


2 

O 

2 





'2 


3 

0 " 


A + (B+C) = 

5 


6 

1 


> 



2 


1 

3 


* 

(T 3 

-2 


5 " 


" 1 

2 

+ 

-1 

4 


1 

+ 

-2 

0 


j . 4 

2 


- 4 _ 


. 1 

2 


'2 3 

0 


' 3+1 


-2 + 2 

= 

5 6 

1 

+ 

-1 

-2 

i 

4+0 

L 

2 I 

3 

- 

4 + 1 

2 + 2 


2 3 

0 ‘ 


'4 


0 

8 " 

= 

5 6 

1 

H - 

-3 

4 

5 


2 1 

3 


5 


4 

-4 


3Î) 

4 


O 


J 

5 + 3 
1 + 4 
- 4+0 


3 

10 

5 


8 

6 

-1 


Thus the associative law of 
addition is verified: 


(A+B)+C = A+(B+C) 

Additive Identity of a Matrix 

If A and B are two matrices of 
same order such that A + B = A = B + A 
then matrix B is called additive identity of 
matrix A. < 

For any matrix A and zéro matrix 
O of same order, O is called additive 
identity of A as 
A+0=A=0+A 


e.g., Jet A = 
then 
A + 0 = 

v <) + A = 


and O 


0 

0 


"1 2" 


t 

O 

O 


1 

rsi 

i— H 


+ 




_3 5 


0 0 


3 5 

O 

O 


'1 2" 


”1 2 


+ 


— 


o o_ 


3 5_ 


3 5_ 


= A 


Additive Inverse of a Matrix 

If A and B are two matrices of 
same order such that A + B = 0 = B + A 
then A and B are called additive inverse of 
each other. 

Additive inverse of any matrix A is 
obtained by changing the signs of al! the 
non zéro entries of A. 


-l 


I 

-2 

0 


Let a = 
then 
B = (- A ) 


is additive inverse of A. 
verified as: 


’l 

2 

i ' 



-2 

~\ 

0 

-1 

-2 


0 

1 

2 

3 

1 

0 


L 

-1 

0 


It can be 


- 


’l 

2 l ~ 



“2 

-l" 


A + B = 

0 

-1 -2 

+ 

0 

1 

2 



3 

1 0 


-3 

-1 

0 










(D + (-l) (2) + (-2) 

0 + 0 (-1) + (1) 
(3) + (-3) (!) + (-!) 


0 0 
0 0 
0 0 


0 

0 

0 


= 0 


(!) + (-]) 
(- 2 ) + ( 2 ) 
0+0 


B + A 


'-1 

-2 

-Il 


"I 

2 

1 ‘ 

0 

1 

2 

+ 

0 

-1 

-2 

.-3 

-1 0 


3 

1 

0 


(- 1 >+ ( 1 ) (- 2 ) + ( 2 ) (— 1 ) + ( 1 ) 

0+0 (l) + (-l) (2) + (-2) 

(-3) + (3) (-1) + (1) 0 + 0 


0 0 
0 0 
0 0 


0 

0 

0 


=o 


Since A + B = Ü = B + A 
Therefore B is additive inverse of A. 


Exercise 1.3 


1. Which of the following matrices 
are conformable for addition? 


A = 


C = 


2 1 
-1 3 

1 0' 

2 -1 

1 ~ 2 . 
-1 0 
1 2 


B = 


D = 


2 + 1 
3 


F = 


3 

1 + 1 


2 

-4 


A = 


3 + 2 2 + 1 
and 


Ans. (i) 


E = 


2 1 
1 3 

are conformable for addition 


B = 


(ü) 


and D 


2 + 1 
3 


are conformable for addition. 



"1 0 ' 


3 2 ' 

c= 

2 -1 

and F = 

1 + 1 -4 

(Hi) 

1 -2 


3 + 2 2+1 


are conformable for addition. 

2. Find the additive inverse of following 
matrices. 

2 4 

-2 1 

1 0 -1 
2 -1 
3 -2 

’ 1 0 
-3 -2 
2 1 
I 0' 


B 


D = 


3 

1 


E = 


F = 


0 

S 

-1 


Ans. 

(i) A 


2 4 

-2 1 

Additive inverse of Matrix A is 


-A = — 


2 4 
-2 1 


-A 


-2 -4 
2 -1 



(ü) B = 


'1 

2 

0 -f 

-I 3 


3. If A = 

"-1 2 

2 1 

, B = 

'1 ' 

-1 

3 

-2 1 



'12 3' 



Additive inverse of Matrix B is 


-B = - 


-B: 


n 

2 

3 

-1 

-2 

-3 


0 

-1 

-2 


0 

1 

2 


1 

-3 

-I 


(iü) C = 


Additive inverse of Matrix C is 
4 


-C = - 


=»-C = 


-4 

2 


1 0 

(iv) D = -3-2 

2 I 

Additive inverse of Matrix D is 



' 1 

0' 


1 0 " 

-D = - 

-3 -2 

=>-D = 

3 2 


2 

1 


-2 -1 


(v) 


1 0 
0 1 

Additive inverse of Matrix E is 


-E = — 


(vi) F = 


S 


1 

4~i 


Additive inverse of Matrix F is 

-S 


-F- 


S i 

-i 4ï 


=> -F = 


1 


-1 

-42 


C=[l -1 2] D 


(i) 

(iü) 

(iv) 


A + 


C+[-2 1 

'0 i 0 
2 0 1 


D + 


(vi) (-l)B 
(viii) 3D 

Ans. (i) A + 


-1 0 2 
(ü) 

3] 

(v) 

(vii) 
(ix) 

i r 

i i 


,then find, 


B + 


2A 

(-2)C 

3C 


'1 0' 


'-1 0’ 



"1+0 2+1 0 + 3 ’ 


0 1 

=> -E = 

0 -1 



-1 + 2 0 + 0. 2 + 1 

- 


-1 2 

2 1 


+ 




B + 


1 1 
1 1 

-2 

3 


-1 + 1 

1 + 2' 


'0 

3' 

2 + 1 

1 + 1 


3 

2 


3 


' 1-2 ' 
-1 + 3 


(iü) C+[-2 1 3] 

=[1 -1 2]+ [-2 i 3] 

=[1-2 -1 + 1 2 + 3] =[-l 0 5] 

(iv) D + 


'0 1 o n 


1 

2 3 


"o 1 0 " 

to 

0 


-1 

Ü 2 


2 0 i 


'1 3 3' 
1 0 3 


-1 2' 


'-2 4 

2 1 


4 2_ 


' 1 ' 


"-i" 

-1 


1 


(v) 2A = 2 

(vi) -1(B) = (-1) 

(vii) (-2)C = (-2) [l -1 2] 
= f-2 2 -4] 

(viii) 3D = 3 


'0 1 0" 


'0 3 0' 

2 0 1 


6 0 3_ 


(ix) 3C = 3[l -1 2] =[3 -3 6] 

4. Perforai the indicated operations 
and simplify the following. 


(i) 


1 0 
0 1 


0 2 ] 


1 0 
0 I 


(ii) 

(iii) [2 3 1] 


J l 

1 0 

1 1 

1 0 


[ 1 + 0+1 0+2 + 1 ] 
[0+3 + 1 1 + O+Oj 


(«) 


[”] 


2-11 

»-oJ 


1 + 0-1 0 + 2-1 
0+3-1 1 + 0- 

'0 r 
2 1 

(iii) [2 3 1]+([1 0 2)-[2 2 2]) 

= [2 3 l]+[l— 2 0-2 2-2] 

= [2 3 l]+[-l -2 0] 

= [2-1 3-2 1+0] 

= [ 111 ] 



" 1 2 3' 


i i r 

(iv) 

-1 -1 -1 

+ 

2 2 2 


0 1 2 


3 3 3 


5. 




+ ([1 0 

2]-[2 2 


2]) 



’ l 

2 3 ~ 


"i i r 



(V) 

(iv) 

-l 

-1 -1 

+ 

2 2 2 





0 

1 2 


3 3 3 






1 2 3* 


" 1 0 

-2" 


= 

(v) 


2 3 1 


-2 -1 

0 

v> 




3 1 2 

Lr _ 


0 2 

-1 


. 

(vi) 

i 

:]•[: 


:]•[: à 

1 





f 1 o] 

ro 2~i r i 

i] 

1 

r 

Ans. 

(I) L« .J’ 

1: 

> «n« 


1 

(Vi) [ 


1+1 2+1 3+1 

-1 + 2 -1 + 2 -1 + 2 
0+3 1+3 2+3 


2 3 4 
f 1 l 

3 4 5 


2 

3 

1 


1 

-2 

0 


0 

-1 

2 


-2 

0 

-1 




1+1 2+0 3-2 
2-2 3-1 1-0 
3+0 1+2 2-1 


[2 2 1 
0 2 1 
3 3 1 


b ;h; ;m: a 

[1 + 2+1 2 + 1 + 1 ] 

[0+1 + 1 1+0+lJ 


4 4 
2 2 

For the matrices 

1 2 3 


A = 


B = 


2 

1 

1 

2 

3 


3 

-I 

-1 

-2 

I 


1 

0 

2 

3 


and 


"-1 0 0~ 

C = 0 —2 3 verifythe 

1 1 2 . 

following raies. 

(i) A+C=C+ A 

(ii) A+B = B+A 

(iii) B + C = C + B 

(iv) A + (B + A) = 2A + B 

(v) (C— B) + A =C+(A— B) 

(vi) 2A + B = A + ( A + B) 

(vii) (C-B)- A = (C— A)— B 
(viii) (A + B)+C = A + (B+C) 

(ix) A(B-C) = (A— C) + B 

(x) 2A + 2B = 2(A + B) 


0 2 3 
2 1 4 
2 0 2 

L.H.S = R.H.S 
(ii) A+B=B+A 
L.H.S = A + B 


Ans. 


' 1 

-1 

1 " 


' 1 2 

3 

(i) A+C = C + A 

= 

2 

-2 

2 

+ 

2 3 

1 

L.H.S = A + C 


3 

L. 

1 

3 


1 _1 

0 

1 2 3 1 f-1 0 0 ' 




1+1 


-1+2 

1+3 


2 3 1 

1 -1 0 


0 -2 

1 1 


3 

2 


2 1 4 
4 1 3 
4 0 3 


R.H.S = B + A 


1-1 2+0 3+0 

2 + 0 3-2 1+3 

1+1 - 1+1 0+2 

0 2 3 
2 1 4 
2 0 2 


2+2 ■ 
3+1 

2 1 4 
4 1 3 
4 0 3 

L.H.S. = R.H.S 
(iii) B + C — C + B 
L.H.S = B + C 


-2+3 2+1 
1-1 3+0 



’ 1 2 

3" 


' 1 - 

1 

1 ' 

= 

2 3 

1 

+ 

2 - 

2 

2 


1 -1 

0 


3 1 

3 


' 1 + 1 

2-1 

3 + 1 ' 




2 + 2 

3-: 

2 

1 + 2 




1 + 3 

-î+i 

0 + 3 

J 




J V 


R.H.S = C + A 


’-l 

0 

0" 


‘ 1 

2 

3 

ü 

-2 

3 

+ 

2 

3 

1 

1 

1 

2 


1 

-1 

0 


-1 + 1 0+2 0+3 

0+2 -2+3 3+1 

1+1 1-1 0+2 


i -i 

1 " 


'-1 0 

0 

2 -2 

2 

4" 

0-2 3 

3 1 

3 

-J 


1 1 

2 

1-1 

-1 + 0 

1 + 0 ' 


2 + 0 

-2- 

2 

2+3 


3 + 1 

1 + 1 

3 + 2 



0 -1 il 
2-4 5 
4 2 5 


R.H.S = C + B 


"-1 

0 

0 ' 


' 1 

-1 1 ' 

0 

-2 

3 

"T 

2 

-2 2 

1 

1 

2 


3 

1 3 


-1 + 1 

0- 

1 

0 + 1 

0 + 2 

-2- 

■2 

3 + 2 

1 + 3 

1+1 

3 + 2 

0 

-1 

1 ' 

1 


2 

-4 

5 



4 

2 

5 




L.H.S = R.H.S. 

(iv) A + (B + A) = 2A + B 
L.H.S =-- A+(B+A) 


2 

3 


3 

1 


'2 1 4 
4 1 3 


! -1 


4 0 

1+2 

2 + 1 

3 + 4 

2 + 4 

3 + 1 

1 + 3 

ï+4 

-1 + 0 

0 + 3 


3 3 7 

6 4 4 

5 -1 3 

R.H.S = 2A + B 


1 

to 

CO. 


" 1 

-1 1 ' 

2 3 1 

-h 

2 

-2 2 

1 -1 0 


3 

1 3 


"2 4 6 


" 1 

-1 

1 ‘ 

4 6 2 

+ 

2 ■ 

_2 

2 

[2-20 


3 

1 

3 

'2+1 4-1 


6+1 ' 



4+2 6-2 

2 + 2 



2+3 -2+1 

0+3 




(v) 


3 3 7 ' 

6 4 4 

5 -I 3 j 

L.H.S = R.H.S 

(C - B) + A = C + ( A - B) 

L.H.S. = (C-B) + A 


C-B = 


-1 

0 

.0 ' 


' 1 

-1 1 ' 

0 

-2 

3 

- 

2 

-2 2 

1 

1 

2 


3 

1 3 


- 1-1 

0-2 

1-3 

-2 1 
-2 0 
-2 0 


0+1 0-1 

-2 + 2 3-2 


-1 


2-3 


(C-B) + A = 


'-2 

i 

-il 

1 

1 

' 1 

2 

3 ' 

-2 

0 

1 

+ 

2 

3 

1 

—2 

0 

-d 


1 

-1 

0 


-2 + 1 1 + 2 -1 + 3 
-2 + 2 0+3 1 + 1 

-2 + 1 0-1 -1 + 0 

-1 3 2 

0 3 2 

-1 -1 -1 


R.H.S. = C + (A - B) 


A-B 


' 1 

2 

3 " 


'1 

-1 1 " 

2 

3 

1 

| 

2 

-2 2 

1 

L 

-1 

0 


3 

1 3 


1-1 

2 + 1 

3-1 

2-2 

3+2 

1-2 

1-3 - 1-1 

0-3 

0 3 

2 1 



0 5 

-2 -2 


C+(A-B) = 


"-1 

0 

0 


0 3 2 ' 

0 -2 

3 


0 5 -1 

1 

1 

2 


-2 -2 -3 


-1 + 0 

0 + 3 

0 + 2 

0 + 0 

-2 + 5 

3-1 

1-2 

1- 

2 

2-3 

-1 3 

2' 



0 3 

2 



-1 -1 

-1 






‘3 

3 

7" 



6 

4 

4 

. 


5 

-1 

3 


L.H.S = R.H.S. 

(vi) 2A + B = A + (A + B) 

L.H.S = 2A + B 

1 2 3 

2 3 1 

I -1 0 


2A + B -2 


4 6 

6 2 
-2 0 



' i -i r 

+ 

2-2 2 

_ 

3 1 3 


1 -1 1 " 

+ 

2 -2 2 


3 i 3 


[2 + 1 4-1 6 + 1 

4+2 6—2 2+2 
2+3 -2+1 0+3 

3 3 7 

6 4 4 

5 -1 3 


R.H.S. = A+(A+B) 
A + (A + B) 


-1 0 


' 1 

2 

3 ’ 


' 1 

-1 

1 

A 

2 

3 

1 

+ 

2 

-2 

2 


1 

-1 

0 


3 

J 

3 

J 


L.H.S. = R.H.S. 

(vil) (C — B) — A = (C — A) - B 
L.H.S. = (C - B) - A 
-10 0 
C-B =0-23 
11 2 



" 1 -1 J 

— 

2 -2 2 

3 1 3 


-1-1 

0 + 1 

0-1 

0-2 

-2 + 2 

3-2 

1-3 

1-1 

2-3 


-2 1 

-2 0 

-2 0 


1 

=! 2 

I I 


3 3 

3 I 

-1 0 

2 3' 

3 1 
-1 0 


+ 


1 + 1 2-1 
2+2 3-2 

1 + 3 


3 + 1 
1 + 2 
1+1 0+3 


(C-B)-A = 


-2 1 

-2 0 

-2 0 


- 2-1 
- 2-2 

- 2-1 0+1 


-1 

[ 1 

2 3 l 

1 

- 2 

3 1 

-1 

L 1 

-l oj 

1 

1-2 

-1-3" 

0-3 

1-1 


- 1-0 


-3 


-1 -4 
-3 0 

1 -1 


R.H.S. = (C - A) - B 
-1 0 0 


(C - A) = 


2 1 4 
4 1 3 
4 0 3 


1 + 2 2 + 1 3 + 4 

2 + 4 3+1 1 + 3 

1 + 4 -1 + 0 0 + 3 


0 

1 

-l 

0- 


-2 3 

l 2 


2 

1 


3 

1 

0 


-1 

0-2 

0 

-3 

2 - 

-2-3 

3 

-J 

1 

L + 1 

2 

-0 

"-2 

-2 

-3* 


-2 

-5 

2 


0 

2 

2 



(C-A)-B = 

'-2 -2 -3' 
-2 -5 2 



■ i -i r 
2-2 2 


B-C = 

" i -i r 
2-2 2 


~-l 0 0" 

0-2 3 


0 2 2 


3 1 3 



3 1 3 


1 1 2 


-2-1 -2 + 1 -3-1 
-2-2 -5+2 2-2 
0-3 2-1 2-3 

r -3 -1 -4' 

-A -3 0 
-3 1 -1 

L.H.S = R.H.S. 

(viii) (A+B) + C = A + (B + C) 

L.H.S = (A+B) + C 




‘ 1 + 1 

-1-0 

1-0 ' 


'2 

-1 

1 ' 


= 

2-0 

-2 + 2 

2-3 


2 

0 -1 

_ 


3-1 

1-1 

3-2 


2 

0 

l 




" 1 

2 

3' 


'2 

-1 1 ' 


A + (B— C) " 

2 

3 

1 

+ 

2 

0 -1 

- 

1 -1 

0 


2 

O 1 



1 2 3' 


"1 -1 f 

A + B = 

2 3 1 

+ 

2-2 2 


! -1 0 


3 1 3 

_ _ 



[1 + 1 2-1 3 + 1' 


'2 1 4 


2+2 3-2 1+2 

— 

4 1 3 

i 

1 + 3 —1 + 1 0 + 3 


_4 0 3_ 


(A+B) +C‘ 


R.H.S = A + (B + C) 


"2 l 4 


~-l 0 <f 


I I 4” 

4 1 3 

4- 

0-2 3 

= 

4-16 

4 0 3 


1 l 2 


5 l 5 


B+C = 


'1 -1 

r 


2 -2 

2 

+ 

3 1 

3 



-10 0 
0-2 3 
1 1 2 


1-1 

-1+0 

1+0" 


"0 

-1 

r 

2+0 

-2-2 

2+3 


2 

-4 

5 

3 + 1 

1+1 

2+3 


4 

2 

5 


A+(B+C) = 


"1 2 3 " 


0 -i 1] 

2 3 1 

+ 

2^5! 

1 -1 0 


(N 

1 


'1 + 0 

2-1 

3+r 


'1 

1 4' 

2 + 2 

3-4 

1+5 

= 

4 

-1 6 

1 + 4 

-1 + 5 

0+5 


5 

1 5 


R.H.S = R.H.S 

(ix) A + (B — C) = (A — C) + B 
L.H.S = A + (B - C) 


1 + 2 2-1 3+1 “1 

2 + 2 3 + 0 l-l 

1 + 2 - 1+0 0+1 

"3 1 4 

4 3 0 

3 -1 1 


R.H.S = (A-C)+B 



'1 

2 

3 


-1 

0 

0" 

> 

I 

0 

II 

2 

3 

1 

- 

0 

_2 

3 


1 

-1 

0 


1 

1 

2 


‘l + l 

2- 

0 

3-0' 


2 

2 

3 


2-0 

3 + 2 

1-3 

= 

2 

5 


2 

1-1 

-1- 

-1 

0-2 


0 

-2 


2_ 



' 2 

2 

3 ' 


' 1 -1 

1 ' 


^ — C) + B = 

2 

5 

-2 

+ 

2 -2 

2 




0 

-2 

-2 


3 1 

3 



2 + 1 

2- 

-1 

3+1 

2+2 

5- 

2 

— 2+ 2 

0+3 

-2 + 1 

-2 + 3 

3 1 

4 



4 3 

0 



3 -1 

î 




(x) 


L.H.S. = R.H.S. 

2A + 2B = 2(A + B) 

L.H.S. =2A+2B 


2A+2B 



‘ 1 

2 

3' 


" 1 -1 

1 " 



'3-0 -6 

-14' 

= 2 

2 

3 

1 

+2 

2 -2 

2 



9+6 12 

-16 


1 

-1 

0 


3 1 

3 



*3 -20' 



2 

4 

6' 

‘2 

-2 2 



15 -4 



4 

2 


2 

0 


4 

6 


-4 

2 


4 

6 


4 2 
8 2 
8 0 6 

R.H.S= 2 (A+B) 

2(A+B)=2 


=2 


2 + 2 4-2 6 + 2 

4 + 4 6-4 2+4 

2+6 - 2+2 0+6 

8 



2A ( =2 

i [ 

^ i 

i i 

- 

r 

2 6l 


r 

■ i 

2 

3" 


' 1 

-1 

1 ' 

\ 


2 

3 

1 

+ 

2 

-2 

2 



1 

-1 

0 


3 

1 

3 

J 


' 1 + 1 

2-1 

3+1 " 

A 

2+2 

3-2 

1 + 2 


1 + 3 

-1 + 1 

0+3 

J 


= 2 


2 1 4 
4 1 3 
4 0 3 


4 2 8' 
8 2 6 
8 0 6 


L.H.S = R.H.S 

6. If A = P ~ 2 
3 4 _ 

find (i) 3A-2B (ii) 2A l - 3B*. 
Ans. (i) 


and B = 


0 


7l 

8 


3A-2B =3 


0 7 
-3 8 


'3 -6' 


"0 

14' 

9 12 


-6 

16 


(H) 


A = 


A 1 = 


2A‘-3B‘ 

I -2] 
3 4 J 

1 3l 
-2 4 


B 


B 


3B‘ =3 


2A t -3B t = 


-4 8 

0 7 
-3 8 

0 - 3 ' 

L7 8 

0 - 3 ' 
7 8 

0 -9 
21 24 

2 6 
-4 8 


0 -9 
21 24 


-[ 

■[- 


2-0 6+9 

-4-21 8-24 


2 15 

25 -16 


7. If 2 

' 7 
18 

Ans. 


2 

-3 

10 ' 

1 


+ 3 


b 

-4 


, then find a and b. 


2 

-3 

4 

-6 


+ 3 

'1 b' 


'7 

10' 

8 “4 


!8 1 

r 

1 

'3 3b ' 


7 1 

a 


24 —12 


!8 



[■ 4 + 3 8 + 3b 

\_~6 + 24 2 a -12 


H 


7 10 
18 1 


\1 8 + 3b 1 T 7 

(_18 2a - 1 2 J j_l 8 


8 + 3b 
18 2a 

8+3 b = 10 . 
2a —12=1 
From (i) 

3b = 10-8 
3b = 2 

-! 

From (ii) 

2a = 1 + 12 

13 
a = — 


10 

3 


(i) 

(ii) 


8 . 


If A 


B 


PI 

2 


0 


then verify that 

(i) 

(ü) 

(iii) 

(iv) 

(v) 

(vi) 

(i) 


Ans. 


(A+B) t = A t +B‘ 

(A -B)' = A t -B t 
A + A 1 is symmetric 
A - A' is skew symmetric 
B + B* is symmetric 

B - B‘ is skew symmetric 
(A+B)‘ = A‘+B‘ 


L.H.S = (A + B) 1 
(A + B) = 


1 2 
0 1 


1 1 
2 0 


1+1 2+1 
0+2 1+0 



2 3" 


.2 1. 


(A + B)‘ = 

R.H.S 
A* = 


2 2 
3 ] . 

A*+ B‘ 

1 0' 

2 1 


B* = 

A‘ + B l = 


1 2 

1 0J 

1 01 

2 1 


"1 21 
1 0 


1+1 0+2 
2 + 1 1 + 0 


L.H.S. 


(A -B) 


‘2 2 

’ 


3 1 



R.H.S. 


i) (A 

-B) C : 

(A -B)* 


"3 2 


"i r 

o K 


2 0 


B 1 


(A - B) = 
(A — B) = 

(A — B) e = 

R.H.S = A‘ - B c 

A 1 = 

B c - 


1-1 2-1 
0-2 1-0 

~0 1 

-2 1 

0 -2 
I 1 


1 0 

2 1 

1 2 
1 0 


A‘-B l =f^ ® 

L 2 I. 


(iü) 


" 1-1 0-2 
_2-l 1-0, 

'0 - 2 

1 1 

L.H.S = R.H.S 
A + A* is symmetric 

a -T 1 2 * 

Lo i 


A 1 - 


1 0 
2 1 


A + A‘ = 


1 2 
0 1 


1 0 
2 1 


1+1 2+0 
0+2 1+1 

'2 2 
2 2 


(A + A‘) 1 


2 2 
2 2 


= A + A 1 


So, A + A' is symmetric. 

(iv) A - A 1 is skew symmetric 
“1 2 " 


A = 


A* = 


0 1 

1 0 
2 1 


A-A‘ = 


'1 2 


'1 0' 

0 1 


2 1 


1-1 2-0 

0-2 1-1 

0 2 
-2 0 


(*-4= 


-2 

0 


= - ( A - A‘ J is skew symmetric 

(v) B+B* 1s symmetric 


B + ff = 


+ 


1 2 


1 + 1 

1 + 2 ' 

1 0 


2+1 

0+0 


(tf + J3')' = 


2 3 

3 0 


= (B+B l ) is symmetric 

(vi) B-B‘ is skew symmetric 

B -B' = 


i r 


i 

2 


l-l 

1-2' 

i 

K) 

O 

î 


J 

0 


2-1 

L 

0-0, 


0 


'o r 


0 -1" 

o 

•— i 

1 

i 


I 

O 

i 


0 

1 

= - ( # - B' ) is skew symmetric 

Multiplication of Matrices. 

Two matrices A and B are 
conformable for multiplication, giving 
product AB if the number of columns of A 
is equal to the number of rows of B. 


e.g., let A = 


and B = 


Here 


number of columns of A is equal to the 
number of rows of B. So A and B matrices 
are conformable for multiplication. 


L 

- 1 

(i) If A = [l 2] and B = 

'2 0' 


0 2 


3 1 

-2 0 





then AB = [l 2] 


2 0 
3 1 

= [1x2+ 2x3 lx0 + 2xl] 

= [2 + 6 0 + 2 ] = [8 2 ] 

It is a matrix of order l-by-2. 

(ü) 

If A = 


1 3' 


-1 0 ' 

and B = 


1 

1 

CS 


3 2 J 


then 


AB 


1 3 

2 -3 


-1 

3 



lx(-l) + 3x3 Ix0+3x2 



"2 

3 

0x2 + lx(-l) 

0x2+lx0" 


2(-l) + (-3)(3) 2x0+(-3)(2) 



-1 

0 

3x2 + lx(-l) 

3x2+lx0 

-1+9 0+6" 


"8 6" 

, is 



"2 

3" 

"-1 0" 



-2- 

-9 0-6 


-11 -6 

a 


-l 

L 

0 

6_ 




2-by-2 matrix. 

Associative Law trader Multiplication 

If A, B and C are thrce matrices 
conformable for multiplication then 
associative law under multiplication is 
given as 

(AB)C=A(BC) 


e.g., If A = 
2 


2 

-1 


C = 


2 

-1 0 
L.H.S. a (AB)C 


3 
0 

, then 




and 



T 2 3' 

r° 

l."" > 

T 2 

2 



l-i ». 

3 

1- 

1 

-*> 

l-i 

0 

. 


’ 2x0+3x3 

2xl+3xl ' 

"2 


-lx()+0x3 

-lxl+Oxl 

-1 


"0+9 2+3" 

"2 

2" 




0+0 - 

-1+0 

mm 

1 0 




9 5 1 

"2 

2 





0 -lj 

-1 

0 





" 9x2+5x(-l) 


9x2+5x0 


0x2 + (- 

l)x(-l) 

0x2 + (- 

-l)x0_ 


"18-5 

18 + 0" 


"13 

18" 



0 + 1 

0+0 


1 

0 



RÜS = A(BC) 


J2 

1-1 


3] 

T° 

r 

"2 

2“ 

°J 

,- 3 

i 

-1 

0 


(AB)C 


2(-i)+3x5 2x0+3x6 

(-l)(-l) + 0x5 -Ix0+0x6 

-2 + 15 0+18 

1+0 0+0 
13 18 

1 0 

The associative law under 
multiplication of matrices is verified. 

Distributive Laws of Multiplication 
over Addition and Subtraction 

(a) Let A, B and C be three matrices. Then 
distributive laws of multiplication over 
addition are given below. 

(i) A(B+C) = AB+ AC 
(Left distributive law) 

(ii) (A+B)C = AC+BC 
(Right distributive law) 

"2 3' 

-1 0 
2 2 
-1 0 

L.H.S. = A(B + C) 


and 


Let A = 


C = 


B = 


then 


0 

3 

in 


1 

1 

(i) 



” 2 3] 

To 

i 


"2 2T 

— 

-1 OJ 

3 

vL 

i 

+ 

.-i oJJ 


2 

-1 


0 + 2 
3-1 


1 + 2 
1 + 0 


-1 


"1*2 3' 



— 6 +0 0—6 

: 

'-6 -6" 

-L 2 i_ 



0+0 0-2_ 


0 -2 


2x2+3x2 2x3+3xl 

-Ix2+0x2 -lx3+0xl 
4 + 6 6+3 

-2+0 -3 + 0 

R.H.S. = AB + AC 



1 

O 

9 " 

1 

1 

-2 

? 


2 3 iro 1 ] r 2 3 ' 

-1 0j[_3 IJ [-1 0 
2xO+3x3 2xl+3xl 
-Ix0+0x3 -Ixl+Oxl 
2x2+3x(-l) 2x2+3x0 

-Ix2+0x(-l) -Ix2+0x0 


1 


9 5 

0 -1 
9 + 1 


1 

-2 
5+4 


4 

-2 


b) 


Let A = 



"10 

9" 

t 

-2 

-3 

= AB + AC; 

[-ï 

3" 

, B = 

0 

1 

J 



= L.H5 


-1 1 


and C = 


2 1 
1 . 2 
UiS. = A(B-C) 

'2 3 


, then in (i) 


/r 


-1 I 

1 0 

- 1-2 


1-1 0-2 
-3 0" 

0 -2 
,0)1-3) +0X0) 2(0)+3(-2) 

'[ (0)(— 3) + 1x0 OxO+OX-2) 


R.H.S. = AB - AC 


-1 

1 


2 3 

0 1 
2(— 1) + 3(1) 
0(-l) + l(l) 
2x2+3xl 
0x2+lxl 


2(1) + 3(0) 
0 ( 1 ) + 1 ( 0 ) 
2x1 +3x2' 
Oxl+lx2 


“T 


_1 2 1_ 

00 

r- 

i 


"1-7 2-8" 



L 1 °J 

r * 

1 2 

' 


1-1 0-2 



"2 r 

\ 


L 

— 




"0 -2 

- 

1 2 _ 

J 

— 

2 -6 


0 - 2 _ 

Which shows that 

A(B-C) = AB-AC 

Commutative Law of Multiplication of 
Matrices 

Consider the matrices A = 


and 


B = 


1 1 

0 -2 


then 


1 

0 

AB = 

"0 

V 

"1 0" 




2 

3_ 

0 — 2_ 


Oxl+lxO 


0x0+l(-2) 

2x0+3(-2) 


and 

BA 


"1 

0" 

"0 

r 

0 

-2. 

2 

3 


Ix0+0x2 1xl+0x3 

0x0+ (-2) x 2 0xl + 3(-2) 


0 1 
-4 -6 

Which shows that. AB * BA. 

Note: Commutative law under 

multiplication in matrices does not bold in 
general i.e., if A and B are two matrices 
then AB + BA. 

Commutative law under multiplication 


e.g.. If A ^ 
then 

AB 


AB- 


1 

2' 

~1 

0' 

0 

-3 

0 

1 


BA; 


lxl+2x0 
Oxl + (--3)xO 
1 2 " 

0 -3 

1 0” 


lx0+2xl 
0x0+ (-3)(1) 


0 1 


'2 

0' 



r 

-3 0' 



Ixl+OxO 

lx2 + 0x(-3) 

0 

1. 

and B = 

0 4 



0x1 +1x0 

0x2 + Ix(-3)_ 








1 2 



'2 

0' 

'-3 0“ 



0 -3 j 



0 

1 

0 ■ 

4 


V 

Which shows that AB = A = BA. 


2x(-3)+0x0 
0x(-3) + lx0 


2x0+0x4 

0x0+lx4 


and BA 


-6 

0 

-3 

0 


-3x2+OxO -3x0+0xl 
0x2+4x0 0x0+4xl 

~6 0 n 
0 4 

Which shows that AB = BA. 
Multiplicative Identity of a Matrix. 

Let A be a matrix. Another matrix 
B is called the identity matrix of A under 
multiplication if 
AB = A = BA 


If A = 


1 2 

0 -3 


B = 


, then 


If A and B are two matrices and A 1 , B‘ are 
Jieir respective transpose, 
then (AB) 1 = B 1 A 1 . 


e.g., A 


2 1 
0 -1 
L.H.S. = (AB) C 


and B - 


1 




VL 


2 I 

0 -1 


1 

-2 


Y 


2xl+lx(-2) 

0xl+(-l)x(-2) 


2-2 
0+2 
"0 2 
6 0 
R.H.S. = B* A', 


2x3+lx0 

0x3+(-l)x0 

t 


6+0' 

t 

'0 

6 ' 

0+0 


2 

0 



'2 r 

t 

'2 0 " 



" 2-2 

0 + 2 ' 

(A)‘ = 

.0 -i 

= 

1 -1 



6+0 

0+0 


(B)‘: 


t 

'1 - 2 ] 



O 

1 . . . . 

2 


II 


= 

r 

O 

l 



6 

0 




L. 



B' A' 


n 


[3 0 


\2 ()' 

U -i. 

[lx2+(-2)xl lx0+(-2)(-l) 

[ 3x2+Oxl 3x0+0x(-l) 


= L.H.S 


L.H.S = R.H.S 
Thus (AB)* = B 1 A 1 . 


1. Which of the following product 
of matrices is conformable for 
multiplication? 

-IT-2" 


Ans. (i) 


0 2 


Number of Columns = Number of Rows 
product is possible. 


"1 

-r 

"2 

-1] 

1 

0 

1 

3 


(ü) 


Number of columns = Number of Rows. 
product is possible. 

(iü) r '" ,f 

Number of columns * Number of Rows. 

product is not possible. 

2' 


V 

[0 n 

-1 

L-l 2 j 


(iv) 


0 -1 

-1 -2 


0 -1 
1 2 . 


Number of columns = Number of Rows. 
product is possible. 


(v) 


1 


! 


1 

0 


2. 


2 

2 3 

Number of Columns = Number of Rows. 
Product is possible. 

3 ()] 


If A 


-■ 2j 

AB (ii) BA (if possible) 


, B = 


, find (i) 


(i) 


AB 


'3 0' 

'6" 

-1 2_ 

5 


3(6) +0(5)' 
-l(6)+2(î) 


'18+0' 


"18' 

-6 + 10 


4 

L J 


(«) 


BA = 


6 

3 0" 


-1 2_ 


Product is not possible. 

Because number of columns ^ number 


of rows. 


3. Find the following products. 
Ans. (i) [l 2] ( 

= [1(4) + 2(0)] 


(iv) 


= [4+0] 
= [4] 


(") [1 2 ] 


5 

-4 


— [l(5) + 2( — 4)] 
= [5-8] 

=[-3] 


(Hi) [-3 0] 


= [-3(4)+0(0)]=[-12] 

l 6 


: [6(4) + (0)(0)] = [24] 


(V) 

1 

-3 

2 

0 

"4 

5' 


6 

-1 

0 

-4 


1(4) + 2(0) 1(5) + 2(— 4) 

-3(4) + 0(0) -3(5) + 0(-4) 

6(4) + -1(0) 6(5) + (-l)(^) 

4+0 5-8 ~ 

-12+0 -15+0 
24+0 30+4 


4 -3 

-12 -15 
24 34 


Multlply the following matric 

- 1 ' 

0 

1 2 

3 4 
-1 1 

v “i 

2 3 

5 t 6, 

_5" 

4 

4 _ 

0] 

0 

-l' 

0 

2(2) + 3(3) 2(— 1) +- 3(0) 

1(2) + 1(3) l(-l) + l(0) 

0(2) + (-2) (3) 0(-l) + (-2)(0) 

'13 -2' 

5 -1 
-6 0 




1 

2 

(b) 

1 2 3 

3 

4 


.4 5 6_ 

-1 

1 


1 (1) + 2(3) + 3(- 1) 1(2) + 2(4) + 3(1) ' 

_4(1) + 1 5(3) + 6(— 1) 4(2) +5(4) + 6(1) 
'1+6-3 2+8+3' 

4+15-6 8 + 20+6 


(a) 

(b) 

(c) 

(d) 

(e) 

Ans. (a) 


2 3 

1 1 
0 -2 


1 

4 

1 

3 

-1 

"8 

6 

-1 

1 

2 

1 

0 


2 3 

5 6. 


2 

4 

1 

5 

4 

2 

3 

3 

1 


0 

0 

2 

3 


4 13 
13 34 


(c) 


1 2 
3 4 

-1 1 


2 

5 


1(1) +2(4) 
3(1) +4(4) . 
-1(1) +1(4) 

h 12 15' 
19 26 33 
3 3 3 


1(2) + 2(5) 
3(2) +4(5) 


1(3) + 2(6) 
3(3) +4(6) 


-1(2) + 1(5) -1(3) +1(6) 


«0 


8(2) + 5(-4) 
6(2)+4(-4) 


16 - 20 -20- 
12-16 -15 + 16 


(- 5\ 

i 

— 

+5(4) 

2 J 

! 

f-S) 


—■ 

+ 4(4) 

2 J 

i 


Ans. (i) AB = BA. 

To check whether AB = BA Or not 

AB = 


-1 



' 1 2 " 


-3 -5 


— 1(1) + 3(— 3) 
2(l) + 0(— 3) 

-1-9 -2-15 
2-0 4+0 


-l(2) + 3(— 5) 
2(2) + 0(-5) 


BA = 


-10 -17 
2 4 

1 2 


-1 3 


8 5' 

[2 -Il 



J JJ L ^ « J 

' 1(— 1) + 2(2) 1(3) + 2(0) 

f\ 4 

2 



_— 3(— 1) + -5(2) -3(3) + (-5)(0) 

O * 

-A 4 _ 



T-l + 4 3 + 0 \ 



'-4 

0' 


-4 

1 


(e) 


'-1 2 

'0 

0" 

1 3 

0 

0 


5.Let A • 


- 1 ( 0 ) + 2 ( 0 ) - 1 ( 0 ) + 2 ( 0 ) 
1(0) + 3(0) 1(0) + 3(0) 

0 0‘ 

0 0^ 

-1 3l [1 

,B = 

2 0 -3 


and 


C= 


2 1 

1 3 

0) 

(ü) 

(iii) 

(iv) 


Vcrify whether 

AB = BA. 

A(BC) = (AB)C 

A(B+C)=AB+AC 

A(B-C)=AB-AC 


3-10 -9+0 

' 3 3 " 

-7 -9 

So AB ^ BA 
(n) A(BC) = (AB)C 
L.H.S = A(BC) 

BC 


A(BC) = 


1 2" 

[2 

1" 

-3 -5 

[l 

3 

1(2) + 2(1) 

-3(2) + - 

-5(1) 

'2 + 2 

1 + 6 

un 

1 

1 

-3 

-15 

' 4 i 
-11 -] 

-1 31 

J 

18_ 
‘ 4 



1(1) + 2(3) 
-3(1) + -5(3) 


2 0 


-11 


7 

-18 


-1(4) + 3( — 1 1) 
2(4)+0(-l 1) 

-4-33 -7-54 
8+0 14+0 


—1(7) + 3(— 18) 
2(7)+0(-18) 



8 14 


R.H.S = (AB)C 

-tes? tes? 


1 2 
-3 -5 


(AB)C = 


'-l'9 -2 — 15 

2 + 0 4 + 0 J 

-lo -i7l [2 J n 

2 4 Jjj 3 J 


-10 -17' 
2 4 I 


-10(2)+(-l7)(]) -J0Cl)+(-17) ( 3>l 
^2(2) +4(1) 2(1) +4(3) j 


'] 


= [' 20-17 - 10-51 
4 + 4 2 + 12 

-37 -61 

8 14 

He„ceA(BC) = (AB)C 

Cu)A(B + C) = AB + AC 
L.H.S - A (B + C) 

(B + C) = 


A(B+C): 



AB = 


fc TTï =h° ->7) 


AC = 


-i j 


2 0 


JL 


^ j 


__1 3^ 

I(2) + 3(l) -l(l) + 3(3) 

2 (2) + 0(1) 2(1) + 0(3) 


AB + AC=J^‘ 


-10 -17' 


1 8 
4 2 


A = 


r-10+1 —17 + 8 

- 2+4 4+2 

l’or the matrices. 

P -1 3 -1 


0 


. B ^ 


~3 -5 


, C = 


-9 -c 
_6 6 

& 0 
3 -9 


Veriiy that(i)(AB)= B‘ AYüXBC ) 1 - C < 
Ans - (0 (AB)‘ = B‘A f 

lh.s. ( ab)‘ 

AB. H 3][ 1 2) 

L 2 0j[-3 - 5 J 

= r-Kl)+3(-3) -l(2)+3(-5) 
j 2(1) + 0(-3) 2(2) + 0(-5) 

J-î-9 -2-15] 

[2 + 0 4 + 0 j 

=[T TJ 

(AB) 1 J-W 2] 

L-17 4 J 

R.H.S = B ( A 1 

A ’ =f à' Z] 

B ‘=[à IJ 

B,A ' -[i 2 ] 


■[- 


2(-l) + (-5) (3) 2(2) + 5(0) 


1-9 2-0 

[-2-15 4 

L.H.S = R.H.S 
Hence (AB/ = b 1 a' 


-10 2' 
'-17 4, 


(ü) (BC)' = C l B 1 

L.H.S = (BC) 1 

BC = 


■ 1 

2“ 

"-2 

6' 

-3 

-5 

J 

3 

-9 


l(-2)+2(3) 
-3(-2) + -5(3) 

r-2+6 6-18 

6-15 -18+45 

4 - 12 ' 

-9 27 

4 -9 

-12 27 

R.H.S = C l B* 

-2 3 

6 -9 


1(6) + 2(-9) 
-3(6) + -5(-9) 


(BC)’ = 


C' - 
B 1 = 
C'B' = 


-3 

-5 


-2 3 " 

'1 -3" 

6 -9 

2 -5 


-2(-3) + 3( — 5) 
6(-3) + -9(-5) 


-2(1) + 3(2) 

6 ( 1 ) + 2 (— 9 ) 

-2+6 6-15 

6-18 -18 + 45 

4 -9 

-12 27 

L.H.S = RH.S 
Hence (BC) 1 = C' B 

Déterminant of a 2-by-2 Matrix. 

a b 

Let A = 

c d 

square matrix. The déterminant of A, 
denoted by det A or 1A1 is defined 
’a b 1 
d 


be 


2-by-2 


as’jAl =det A- det 


la b 

_ | c d 

Let B = 


= ad-bc=Xe Re.g., 

,1 


1 

-2 


Then IBl=det b = 


If 


M = 


det M = 


1 1 

-2 3 

=tx3-(-2)(l)= 3+ 2 = 5 
2 6 
1 3__ 

6 


, then 

= 2x3-1 x6 = 0 


3 


For example, A : 


is a singular 


Singular and non-singular matrix. 

A square matrix A is called singular if 
déterminant of A is equal to zéro, 
i.e., IAI=0. 

’1 2 1 
0 0_ 

caatrix, since det A = 1 x 0 — 0x2 — 0 
A square matrix A is called non-singular il 
the déterminant of A is not equal to zéro, 
i.e., I A 1 * 0 

For example A = q 2 * s n ° n 

singular, since det A = 1x2 -Oxl -2^0. 
Note that, each square matrix with rea 
entries is either singular or non-singular. 

Adjoint of a Matrix. 

a b 

Adjoint of a square matrix A = 

_ 

obtained by interchanging the diagonal 
entries and changing the sign of other 
entries. Adjoint of matrix A is denoted as 

Adj A. 

"d -b 


t 


is 


i.e., Adj A - 
e.g , if A = 


-c a 
1 2 

3 0 


, then 


Adj A = 


If B = 


-1 

-4 


0 -2 
-3 1 

, then Adj B = 


-4 

-3 


Multiplicative inverse of a non-singular 
matrix. 

Let A and B be two non-singular 
square matrices of same order. Then A and 
B are said to be multiplicative inverse of 
each other if 

AB = BA = I 

The inverse of A is denoted by 
A -1 , thus AA"' = A -1 A = I. 

Inverse of a matrix is possible only 
if matrix is non-singular. 

Inverse of a Matrix using Adjoint 
Ta b 
c d 

matrix. To find the inverse of M, i.e., M 1 , 
first we find the déterminant as inverse is 
possible only of a non-singular matrix 
a b 

= ad - bc * 0 


Let M = 


be a square 


!MI 


and 


: d 

Adj M = 


d 

-c 


-b' 

a 


then 


M" 1 = 


i _ Adj M 
IMI 


e.g., Let A = 


2 1 ' 

-1 -3 

Then ! Al = —6 — (—1) = 6+1 = — 5^0 

IAI = - 6 - (-1) = - 6 + 1 = -5 * 0. 

'-3 _r 

A -i _ Adj A [l 2 


Thus 


-1 


IAI 

-3 -1 

1 2 


-5 


3 J_ 
5 5 

Zl 

.5 5 . 


and AA 1 = 


'2 

-1 


6 

5 


-3 

1 

5 


3 

5 

-1 

. 5 

2 

5 


3 3 

-ï+~ 


1 

5 

-2 

5 

2 

5 

6 


5 ' 5 
=1 = A -1 A 


1 

- 5-51 


Vérification of (AB) 1 = A" 1 


Let A = 


•1 


and B = 


0 - 1 ' 
3 2 


Then det A = 3 x 0 - (-l)xl = 1*0 
And det B = 0 x2 - 3(-l) = 3*0 

Therefore, A and B are invertible i.e., 
their inverses exist. 

Then, to verify the law of inverse of 
the product, take 
AB 


‘3 

r 

‘0 

- 1 " 

-1 

0 

3 

2 


3x0+lx3 3x(-l)+îx2 

-Ix0+0x3 -lx(-l)+0x2 

3 -1 


0 1 
det (AB) = 


3 -1 

0 


=3*0 


and L.H.S. = (AB)' 

'(AB)' 1 4 


R.H.S.= B -1 A -1 , whereB" 1 = | 


'i r 


'i 

r 


3 

3 

0 3 


0 

i 


2 1 
-3 0 


A-'/° ^ 


i 

L 

3_ 




_1 

'2 

r 

1 

0 -f 

"3 

-3 

0 

1 

1 3 


Find the déterminant of the 


following matrices, 

» 

Ans. (i) A = 

'-1 

_ 2 


-1 1 

2 0 


= - 1 ( 0 )- 2 ( 1 ) 
= 0 - 2=- 2 


(ü) 


C = 


=- 2-6 
= -8 

3 2 

3 2 

[Cj =3(2) -3(2) 
= 6 - 6=0 

3 2 

1 4 

Dj = 3(4)— 1(2) 
= 12 - 2=10 


(iv) D 


2x0+lxl 

-3x0+0xl 


2x(-l) + lx3 
-3x(-l) + 0x3 


lfO+1 -2 + 3 


0 





"i 

f 

"1 

r 




— 

3 

3 

o 

3 


0 

1 


=(AB)- 


Thus the law (AB) 1 = B 1 A 


as 


verified. 



-i 

t"' 

'3 6 


Ans. (i) A = 




2 4 

-J 



1 

, ^ 
1 




B = 



'4 1 


_2 -2 J 


(ü) B = 

3 2 


2. Find which of the following 
matrices are singular or non-singular? 


|A| = 


3 6 
2 4 

3(4) -2(6) 
12-12 


B = 


(iii) C = 


l C i = 


4 1 

3 2 

= 4(2) -3(1) =8-3 = 5 
7 -9 

3 5 

7 -9 
3 5 

=7(5)-3(-9) 

= 35 + 27 

=62 *° non-singular 


non-singular 


(iv) D 


D = 


3. 


5 -10" 

-2 4 

5 -10 

-2 4 

=5(4) — ( — 2)( — 1 0) 

= 20-20 
= 0 singular 

Flnd the multiplicative inverse (if 


it exists) of each. 

Ans. (i) A = 


(ü) 


1 




-1 3 
2 0 


= -1(0) -2(3) 
= -6 


AdjA = 


A -1 = 


"0 -3" 



|D| = 

1 3 

—2 -1 



2 4 
1 2 


H 


adj A 


1 

0 

1 

U) 

1 

“0 3 

-2 -1 

6 

2 1 


B = 


B = 


1 


Adj B: 


0 è 

1 I 

3 6. 

2 ' 

-3 -5 

1 2 
-3 -5 

= J(-5)-(-3)(2) 

=—5+6 

= 1 5*0 

r -5 -2 
3 1 


B-‘=|ladjB 


"-5 -2 


'-5 

-2" 

3 1 _ 


3 

1 


(iii) C = 


|C| = 


6 

-9 

6 


=-2(-9)-3(6) 
= 18-18-0 
C _l does not exist. 

I 2 

(iv) D = 2 4 

1 2 


= 2< 2 >-‘U 

-i 

4-3 1 

= — - — = — + 0 

4 4 


Adj D = 


2 f 
- i 


D 


1 =j^j adj.D 
1 


4 


=4 


2 

-1 


4 

I 

? 


8 

-4 


4.1f A = 


2 

6 _ 


and B = 


'3 -i 
2 -2 


, then 


(i) A(Adj A) = (Adj A) A = (det A )I 

(ii) BB 1 = I = B -1 B 

Ans. (i) A(Adj A)=(Adj A) A = (det A )I 

A=[‘ ï 

L 4 <>J 

.... re -2 

A<|J A =[_4 , 

A(AdjA) = 

ï(6) + 2(-4) l(-2) + 2(l) 

4(6) + 6(-4) 4(-2) + 6(1) 

6-8 -2 + 2 ' 

24 - 24 -8 + 6 


1 

2 

'6 

-2 

.4 

6 

-4 

1 _ 


Now (AdjA)A= 


"-2 

O 

6 

-4 


O 


1 


6(1) + -2(4) 6(2) + -2(6)' 
-4(1) + 1(4) -4(2) + 1(6) 

' 6-8 12-12 
— 4 + 4 —8 + 6 
-2 O 
O -2 


Also (det A)I 
det A 


= 3(2) — 2(— 1) 


AdjB = 


B~ 


-6 + 2 = -4*0 

-2 r 

-2 3 

r Adj B 


BB- 


1 

-2 1 

_1 

“2 

-i 

-4 

-2 3 

4 

2 

-3 

_ 1 

"3 -f 

"2 

-r 


4 

2 -2_ 

2 

-3 



3(2)+(-l)(2) 3(— 1) + (— 1)(— 3) 
.2(2) + (— 2)(2) 2(— 1) + (— 2)( — 3) 



1 2 


H 0" 


4 6 


Lo i. 

=1(6)- 

2(4) = 6-8= -2 

Hence: BB' 1 = I 


"1 0 " 


'-2 

0 ' 

0 1 


0 

~ 2 _ 


(detA)l=-2 


Hence: A(AdjA) = (AdjA) A = (det A)I 

r 3 -r 


B = 


2 -2 


Similarly 

8 ^ 6=4 


1 

'6-2 

-3+3" 

4 

4-4 

-2 + 6 

1 

4 0 


4 

0 4 


'1 

0* 

_ T 

0 1 

- I 

'2 

-f 

3 -f 

_2 

. -3 

2 -2 

L J 


2(3) + (-- 1) (2) 2( — 1) + (— 1)( — 2) 
2(3) + (—3) (2) 2( — 1) + (—3) (—2) 

'4 0 
0 4 


= 1 


5. Détermine whether the given 
matrices arc multiplicative inverses ef 
each other. 


Ans. (i) 


and 


3 5 

4 7 


7 

-4 


3(7) + 5(-4) 3(-5) + 5(3) 
4(7) + 7(-4) 4(-5(+7(3) 


21-20 -15 + 15* 


"l 0' 

28-28 -20 + 21 


0 1 


= 1 


Given matrices are multiplicative 
inverse of each other. 


(ü) 


1 : 

2 : 

1 2 
2 3 


and 


-3 

2 


2 

-1 


-3 2 

2 -1 


l(-3) + 2(2) l(2) + 2(-l) 
2(-3) + 3(2) 2(2) + 3(-l) 


-3+4 2-2 
-6+6 4-3 


1 0 
0 1 


=1 



4 0" 


‘-4 -2 




6. If A = 


, B = 


$ 


4 0 

. — i 

-1 2 


1 “I. 


U1 

w= 

-1 2 


3 1 

D = , then verify that 

-2 2 

(i) (AB) -1 = B -1 A -1 

(ii) (DA) -1 = A -1 D -1 

Ans. (i) (AB) -1 = B -1 A" 1 

L.H.S = (AB) -1 


4(-4) + 0(1) 

. — 1 (— 4 ) + 2 ( 1 ) 

-16 -8" 

6 0 


4(-2) + 0(-l) 
-l(-2) + 2(-l) 


|AB| = 


-16 

6 


-8 

0 


= -l6(0)-6(-8) 
= 0 + 48 = 48*0 


Adj(AB) = 
(AB) -1 


0 8 
-6 -16 


1 


|AB| 


Adj(AB) 


O 

oc 


0 

8 ■ 
48 


0 X’ 

-6 -16 


-6 

-16 


zl -1/ 



_48 

48 . 


. 8 /3. 


48 


R.H.S = B -, A -1 
"-4 


B = 


2 

1 -1 


Bj=- 4(— 1) - 1)(-2) =4+2=6 

1 2 
1 -4 


B " 1= ià AdjB= s 


A = 


4 0 


=4(2) — (— 1)(0) = 8 


A -1 : 

ÎA| 

AdjA=i 

2 

.1 

1 _ 1 ' 

-1 

2 1 ] 

l [2 

0 " 

6 

-1 

-4jï 

ï[i 

4 

1 

‘-I 

2* 

2 

0 * 

48 

-1 

-4 

1 

4 _ 


AB = 

"4 0' 

-1 2 

'-4 -2" 

1 -1 


1 

"-1(2) + 2(1) 

-1(0) + 2(4) ' 





48 

-1(2) + -4(1) 

-1(0) + -4(4)_ 


48 


0 8 
-6 -16 


- 6 / 


48 


8_ 

48 

-16/ 


48. 


0 

-V 


L.H.S = R.H.S 
Hence: (AB) -1 : 


- 1 / 


B" l A -1 


fri) (DA ) -1 = A " 1 D -1 

LH.S = (DA) -1 

DA = 


3 r 

'4 0“ 



J 

-2 2 

-1 2 


D = 

'3 r 

3(4) + 1(— 1) 

-2(0) + 1(2)1 

-2 2_ 


|DA| 


-2(4) + 2(-l) 

12 — 1 0 + 2 ' 
-8-2 0+4 

11 


• 2 ( 0 ) + 2 ( 2 ) 

11 2 
-10 4 


Adj(DA) 
(DA) -1 = 


2 

-10 4 
= 1 1(4) — (— 10)(2) 
= 44 + 20 
= 64 

4 -2 

10 11 


bÂ Adj(DA) 





'4 -2 

1 

‘4 -2 


64 64 

64 

10 11 


10 11 




.64 64. 


_L -i 
16 32 
_ 5 _ il 

.32 64. 


RII. S = A"‘D 1 


0] 



-i 

2 

i! ~ 

4 

0 


-1 

2 


A = 


14 


=4(2)-(-l)(0) 
= 8*0 

4"' = rrr Adj A 

H 


0 

4 


|D| = 3(2)-(-2)(l) 

= 6 + 2 = 8 

D -1 = r 1 -AdjD 
D 


-1 


,_1 

'2 

0“ 

1 

'2 

-l 

8 

l 

4_ 

' 8 

2 

3 


A~ ] D 


"2. 

0“ 

2 -r 


64 

1 

4 

_2 3 

_ }j 

[2(2) + 

0(2) 

2(-l)+0(3)' 

64 

l(2)+4(2) 

l(-l) + 4(3)_ 


J_ 

64 

_L 

64 


4 + 0 -2+0' 

2 + 8 -1 + 12 


4 

10 


- 2 ' 

11 


_4_ 

64 

10 

64 


-2 

64 

n 

64 


J_ -1 
16 32 

A IL 

.32 64 

L.H.S = R.H.S 

Hence: (DA) -1 = A -, D -1 

Solution of Simultaneous Linea; 
Equations 

System of two linear équations in 
two variables in general form is given as 
ax+by=m 


cx+dy=n 


cx+dy = n 

Where a, b, c, d, m and n are real 
numbers. 

This System is also called 
simultaneous linear équations. 

We discuss here the following 
methods of solution. 

(i) Matrix inversion method. 

(ii) Cramer’s rule 

(i) Matrix Inversion Method 

Consider the System of linear 
questions 

ax + by = m 
cx+dy=n 


Then 


a b 

x 


m 

c d 

_y_ 


n 


or AX = B 

r 


Where A = 


a b 
c d 


,X= 


and B = 


m 

n 


or X = A -1 B 

IAI = ad - bc 
orX = A ^, A - xB 

|a| 

*•’ A -1 = andAI ^ 0 

H 


or 




'd 

-b' 

m 

X 


-c 

a 

n 


Ly. 

dm - bn 
ad-bc 
-cm + an 
. ad-bc 

dm - bn 


ad — bc 


and y= 


an - cm 


ad-bc ' ad-bc 

(h) Cramer’s Rule. 

Consider the following System of 
linear équations. 

ax+by=m 


We know that 
AX = B, where A 


a b 
c d 


, X = 


and B 


m 

n 


or 


X = A" 1 B 


or X = ^A x b 


|A| 


or 


or 


“d -b" 

m 

_ — c a 

n 

|a| 


dm - bn 


-cm + an 


|A| 

dm-bn 


|A| 

-cm + an 


W J 


_ dm - bn 

[a 


|A| _ |A| 


and y- 
where [A* 


an -cm A y 


A » = 


|A| |A| 

m b 
n d 
a m 
c n 


and 


Example 1 

Solve the following System by 
using matrix inversion method. 

4x — 2y = 8 
3x + y = —4 


Solution 

Slepl 

Step 2 

The coefficient matrix M= 


'4 

-2 

x 


'8' 

_3 

1 _ 

.y. 


_-4_ 


r4 

3 


1 


is 


non-singular. since 

det M = 4 x 1 - 3 (-2) = 4 + 6 = 10*0. So 
M' ! is possible. 

Step 3 


x 

X 
= J_f 1 2 : 
10 [-3 4 

l 

10 


M - 


-4 


8-8 

24-16 


10 

* 


0 

^10 


x 


' 0 ' 

.y. 


_-4_ 


=> x = O and y = - 4 

Example 2 

Soive the following System of 
linear équations by using Cramer’ s rule. 

3x - 2y = l 
-2x +3y = 2 

Solution 

3x -2y = 1 
-2x + 3y =2 

We hâve 
3 -2] 

-2 3 _ 

Tl -2 
2 3 



9-4 = 5 * O (non-singular) 


3 + 4 


6+2 


7 

5 


8 

5 


Example 3 

v* The length of a rectangle is 6 cm 
less than three times its width. The 
perimeter of the rectangle is 140 cm. Find 
the dimensions of the rectangle. 

(Ly using matrix inversion method) 
Solution 

If width of the rectangle is x cm, 
then length of the rectangle yem 
According to first condition 
y = 3x 7 6, 

According to 2 condition 
The perimeter = 2x + 2y = 140 
=> x + y = 70 

and 3x - y = 6 

In the matrix form 


(0 

(ü) 


det 



1 

r 


3 

-i 

_ 1 

1 ' 

i 

3 

-1 



70 

6 


-1 


= 1 x(-l)-3x 1 
We know that: 

X = A -1 B and A -1 


; -1 -3 = -4 * U 


Adj A 

: |A| 


Hence 

X 

_ i 

"-1 

-r 

"70' 


.y. 

-4 

-3 

i 

6 


-1 

4 


-70—6 ' 


4 


19' 

-210+6 


204 


51. 


Thus, by the equality of matrices, 
sv îcith of the rectangle x = 19 cm and the 
length y = 5 1 cm. 


(0 


1. Use matrices, if possible, to solve 

the following Systems of linear 

équations by: 

(i) the matrix inverse method 

(ii) the Cramer’s rule. 

2x~2y~4 
3x+2y = 6 

Matrix inverse method 


Exercise 1.6 


"2 -2" 

x' 


4 

, 3 2 

_y_ 


.6. 


Putting the values of A -1 and B in 
équation (i) 


x.-L 

10 


-3 


; x= 


X 

y. 


. ~ 2 -2l 

A = 

3 2 

A X = B 

X = A'B (i) 

Al = 2 ~ 2 


;B= 


3 2 

= 2(2)-(-2)(3) 

= 4 + 6 = 10*0 

As IAI * 0 so solution is possible 

~ 2 21 


Adj A~ 


-3 2 


4-' =jl AdjA 


A~ } = — 
10 


2 

-3 


I_ 

io 

H) 

X= — 

10 


X = 


X = 


" 2(4) + 2(6) 

-3(4) + 2(6) 

8 + 12 
—12 + 12 

'20 

0 


X = 


x = 




1 

Mf 


Ox 


1_ 

io 


x 


"2" 

.y. 


0 


(ii) 


=> x=2 

y=o 

5.5.={(x,y)}={(2,0)} 

J-S. ={(2,Q)} 

2x+y = 3 
6x+5y =1 
In matrices form 


2 

r 

x 


■3" 

6 

-5. 



1 


A = 


Let 

2 

_6 5 
AX = B 
X=A 4 B 


; X = 


;B: 


!a!= 


2 1 
6 5 
= 2(5) -6(1) 

= J 0 — 6 
!Aj=4*0 

As |A|*0, so solution is possible 

'5 -l' 

-6 2 
1 


Ad/ A = 


= T —,xAdj A 

H 

~ 4 


5 -1 

-6 2 


Putting the value of A 1 & B in équation 


X = A~ l B 


I 5 _1 

4 [-6 2 

1 [5(3) + (-0(1) 
-6(3) +2(1) 

15-1 
-18 + 2 
14 


-16 


14 

4 

16 


x— 


7 

2 


_ 


■7 ■ 

X 

= 

2 



-4 




7 

x—— 

2 


_y=— 4 

S^ution set S.S.=< 

(iii) 4x+2y = 8 
3x-y = -l 
In matrices form 


Let 

A= 


— , —4 


1 

(N 

x 


- 3 "!j 

J. 



;X = 


4 2 

3 -1 
AX = B 
X = A ! B 
4 2 

3 -1 


8 

-1 

\B = 


8 

-1 


|A| = 


= 4(-l) -3(2) 

= -4-6 
|A|=-10*0 

As jAj^O, so solution is possible 


Adj A-- 


1 -2 
3 4 

1 


xAdjA 


-10 


-1 

-3 


-2 

4 


Putting values of A & B in équation. 


X=A~ l B 


X 


X 


-10 

1 

-10 

1 


-10 


1 -2 8 
-3 4 

- 1 ( 8 ) + (- 2 ) (- 1 ) 
-3(8) + 4 (-1) 
-8 + 2 
-24-4 


■10 


X 




-^k 


3 

5 

14 


(iv) 


_3 

X ~5 

14 

y= T 

5.5 = | 

3x-2y=—6 
5x— 2y=-10 


'3 14 v 
,5’TJ 


In matrices form 


Let 
4 = 


■3 

-2 

— — 

X 


-6' 

5 

-2 

.y. 


-10 


'3 

-2 

1 

; X = 

X 

;B= 

r 1 

l 1 

1 . 1 

_5 

-2_ 


_y_ 



AX = B 

=> X=A _1 fi 
3 -2 
^ _ 5 -2 
= 3 (-2) -(5) (2) 

= -6 + 10 
|A|=4*0 

As |A|^0, so solution is possible 






'-2 1 

—6 

-28 


Adj A = 

-5 3 


A ^ — 7— j-x Adj A 
A 


.-1 


1 -2 2 
4 1_— 5 3 
Putting the values ol A 1 & B in 
équation i. 

X = A~ l B 

1 F -2 2ir -6 ' 

= 4 5 3 J [-10 

J r- 2 (- 6 ) + 2 (- 10 ) 
= 4 1_— 5 (— 6) +3 (— 10 ) 
12 + (- 20 ) 

30-30 
-8 
0 


V 

L-' J 





0x 

1 

~-2 

.y. 

0 

_ -J 

a 

:=-2 

O 

ü 


/ 


(V) 


S. S ={(-2,0)} 
3x-2y = 4 
-6x+4y = 7 
ïn matrices form 


' 3 -2 

r i 
.x 


4" 

_~ 6 4 - 



J. 


A= 


,X = 


x 

iy. 


\B = 


H- 


Let 

’ 3 -2 
-6 4 

AX = B 
X = A 'B 

'3 -2 
-6 4 

=3(4) - (6) (-2) 

= 12 - 12 
= 0 

As|A|=0, so solution is not 
possible 

(vi) 4-r+y =9 
-Zx-y = -5 

In matrices form 


Let 


4^ 

1 

r — 
K 

l 


'9" 

'3 -lj 

i 

1 


-5 

_ -J 


A= 


;X= 


r4 r 

-3 -i, 

AX = B 
x=a‘b 

4 1 

Al= 


.x 

LXJ 




L- 5 J 


As 


-3 -1 
= 4(-l)-(-3)(l) 

— —4+3 
= - 1*0 

|A|*0, so solution is possible 

-1 -f 


Adj A= 


1 


A' 1 =O xA ^ A 
A 


1 

- — x 

-1 


-1 -1 
3 4 

Putting the values in équation (i) of A 
and B 


X=A-'B 


x =ri 
“-1 
- -1 
“-1 


-i -r 

1 

vO 

_i 

.3 

— i 

vn 

l 

J 


-l(9) + (-l)(-5) 
3(9) +4 (-5) 
'-9 + 5' 

27-20 
—4 


— -x-4 

-1 

-Lx7 

-1 


X 


1 — - 

L 



r 1 . 


(VÜ) 


=> x-4 

y=-7 

S.S.={( 4,-7)} 
2x-2y=4 
— 5x-2y =— 10 
In matrices form 


' 1 

KJ 

1 

N> | 

X 


~ 4 ' 

<N ' 

1 

[ 

1 

y 


-10 


Let A 


;X = 


:B= 


14 


A X = B 
> X = V B 
2 -2 

-5 -2 
AX = B 
X=A 1 B 
2 -2 
1—5 -2 

= 2 (-2) -(-5) (-2) 

= - 4—10 
|4=-M*0 

As IAI * 0 , so solution is possible 
-2 2l 

Adj A = = 


A J =T^TxAdiyl 
A J 


4 ' 
-10 


X= 


J_ — 2(4)+2(-10) 
-14 [5(4) + 2 (-10) 
-8 - 20 1 
-14 20-20 
1 -28 


I 


■14 


0 


-X 2 


Ox- 


x 




-14 


— n 

i 


' 2 

1 


0 


V® * 


,y=0 

^ 5.5. ={(2,0)] 


(viii) 


3x—4y-4 
x+2.y=8 
In matrices form 
[3 -4 

L 1 2. 


-14 


-x 


-2 2 
5 2 


Putting the values of A 1 and B in équation 


(0 


X=A 1 B 


X=— X 

"-2 

2' 

' 4 ~ 

-14 

5 

2_ 

-10 


Let 


;X = 


4 

8 


4] 

8 


AX=£ 

=> X=A _J £ i 

|a|= 3 ^ 

! 1 1 2 

= 3(2) (1) (-4) 

= 6 + 4 

|A|=10;é0 

As jAj*0, so solution is possible 


Adj A : 


2 

-1 


A 1 =7- T xAdj A 

H 


A' 


] 


- — x 

10 


2 4 

-1 3 

Putting the values of A -1 & B in 
équation (i) 


X=A~ { B 


X = 


X = 


X 


x= 


10 

j_ 

10 

J_ 

10 

1_ 

10 


2 4 

-1 3 
'2(4) + 4(8) 
-1(4) +3 (8) 
' 8 + 32 1 
-4 + 24 
40 
20 


X = 


^ 4 x-L 

^ 2 x-^ 

JKf 


X 


~4 



_2_ 


x=4 

y = 2 



S.,S.=|(4,2)j 

Ia |=o 


Cramer’ s rule 


_ 0 _ 

0) 

2x-2y-4 

V= 

|A| 

“io“ 


3x+2y—6 
In matrices form 


'2 

-2' 

x 


~4 

3 

2 

y 


6 


Let 


A= 




;X 


;B 


2 - 2 " 

3 2 _ 

2 -2 

3 2 

= 2(2)-3(-2) 

= 4 + 6 

|a|=io*o 

As |a|* 0, so solution is possible. 

A x ; - (Déterminant No. 1) 

In déterminant 1 we change first 
column to constant matrix. 

4 -2' 


AJ = 


6 2 


= 4(2)-6(-2) 
= 8+12 

1 + 1=20 


x =—=2 


10 

x-2 

jA y | ( Déterminant No.2) 

In déterminant 2 we change 2 ml 
column to constant matrix. 

2 4 
1 y| 3 6 
= 2(6) -3(4) 

= 12-12 


=0 


y = 0 

S.S={(2, 0)} .ans. 


(ii) 2*+ y =3 
6jf-t-5jy —1 
In matrices form 


2 r 

X 


"3' 

6 5 

y 


1 


Let 


:X= 


\B = 


|A| = 


2 1 
6 5 
= 2 (5) — 6 (1) 

= 10-6 

| 4 = 4*0 

As |4*0, so solution is possible, 
i 3 1 

Khj 5 

= 3(5) -1(1) 

W=15-l 

K-|=14 

✓ 


X = 


M / 




\M= 


2 3 
6 1 
= 2(1) -6 (3) 
|Ay|=2-18 


Ay =-16 


-16 


' M 

j=-4 


=— 4 


5.5 =< 


( 7 3 

u-- 4 


(iü) 


4x+2y = 8 
3 jc— y = -l 
In matrices form 


'4 2 " 

X 


" 8 " 

3 -1_ 

_y_ 


-1 


A = 


;X: 


Let 

4 2 

3 -1 
IAI=4(-l)-3(2) 
= -4-6 

U|=-10*0 


;B= 


8 

-1 


W= 


As |4*0, so solution is possible. 

8 2 
-1 -1 

= 8 ( — 1 ) — 2 ( — 1 ) 

= -8 + 2 
= -6 


x= : 


N 


x= 


-}Ü5 


3 

5 


|a v |= 

4 8 

i xi 

3 -1 


= 4(-l)-(3)(8) 

= -4-24 
= -28 

Kl 

-28 14 


-10 5 


s.s.=- 


ff3 14 'l 

[U’ 5 J 

Civ) 3x-2y = -6 

5x-2y=— 10 

In matrices fonn 


"3 -2 

X 


-6 

5 — 2_ 

J, 


-10_ 


Let 


M= 


;X= 




-6 

-10 


-2 
-2 
-21 
5 -2| 

= 3(-2)-5(-2) 

= -6 + 10 

| A| = 4 5 * 0 

As | A| * 0 , so solution is possible 

1-4*1= _6 “ 2 

1 1 -10 -2 

= — 6(— 2) - (— 2)(— 10) 

= 12-20 

KM 

X _K_M 

"MX 

x~—2 


UJ= 

3 

-6 

1 y [ 

5 

-10 


- 3(— 10)— (5) (—6) 
: -30+30 
0 


Kl o 


9 1 

W ~4 

Kl= 

-5 -1 


y=0 

S.S.={(-2,0)} 
(v) 3*-2 y=4 

-6x+4y = 1 

In matrices form 


" 3 -2 

X 


'4' 

-6 4 _ 

.J. 


7 


\B-- 


Let 

r 3 - 2 ] 

4 ~ 

|A| = 3 
1 1 -6 4 

= 3(4)-(-6)(-2) 

= 12-12 

** |A| = 0 

As |A|=0, so solution is not possible 
(vi) 4x+y=9 
-3x-y = -5 
In matrices form 


4~| 

7 


1 

4^ 

j 

X 


* 9 “ 

n 

T 

en 

1 

i 

1 

1 


1 

f 

i 


Let 


A= 


1 


-3 -1 

14 


;X: 


■,b= 


-5j 


4 1 

-3 -1 

= 4(~l)-(-3)(l) 

= -4 + 3 
|A|=-l9t0 

As[A|^0, so solution is possible. 


= -28 


(vii) 


= 9 ( — 1 ) — 1 (— 5 ) 
= -4 

x _ KL K 

"W7 1 

x=4 

4 9 

-3 -5 
= 4(-5)-9(-3) 
= -20+27 
= 7 

K[ 7 

. y ~\4 = -i 

y=-l 

S.S={(4,-7)} 

2x—2y=4 

-5x—2y=—10 

In matrices forai 


Let 
A = 


1 

N> 

} 

K) 

1 

_ - 

X 


" 4 " 

! 

CO 

I 

? 

1 

J. 


-10 


2 -2 
-5 -2 


;X= 


,B= 


4 

-10 


U|= 


2 -2 
-5 -2 
= 2(-2) - (-5) (-2) 

= -4-10 
|A|=-14*0 

As \A\ ^0, so solution is possible. 
I I- 4 “ 2 

= 4(-2) - ( — 10)( — 2) 

= - 8-20 


K|_/X' 


H ~ /X 


x=2 

2 4 

K!= 


i y ! 

-5 -10 


= 2(-10)-(-5)(4) 
= -20 + 20 
= 0 

Kl o 


' M 

y=0 

5.5 ={(2,0)} ans. 
(viii) 3x—4y=4 

x+2y~S 

In matrices form 
'3 -4 
1 2 


41 

8 I 


Let 
A — 


'3 -4 

1 2 


;X= 


\B = 


M= 


3 -4 
1 2 
= 3(2) — 1( — 4) 

= 6 + 4 

|A|=10*0 

As jAj^O, so solution is possible. 


IaJ= 

4 

-4 

1 -X 1 

8 

2 


= 4(2) -8 (-4) 
= 8 + 32 
= 40 


.KL>Kf4 




M 

*=4 

3 4 
1 8 
= 3(8) -1(4) 

= 24-4 
= 20 

N_^ 

H’xc 

y=2 

S.S.={(4,2)} ans. 

Q.2. The length of a rectangle i$ 4 times 
its width. The perimeter of the rectangle is 
150cm. Find dimensions of the rectangle? 

Let width of rectangle = x. 
and length of rectangle = y 
According to fîrst condition 
* y= 4x 

4 -*-y=o (0 

According to 2 nd condition 


Perimeter 

2(x+y) 

x + y 

x+y 

in matrices form 


= 150cm. 
=150 
_ 150 
2 

= 75 


•(ü) 


’l 1 ■ 

JC 


'75' 

J -1. 

.y. 


0_ 


AX=B 

x=a~'b 


|A| = 


Adj A — 


A 1 = r 1 T xAdjA 


l 1 
4 -1 
1 1 
4 -1 
= 1(-D— 4(1) 

= -1-4 

= -5*0 
-1 

-4 1 

1 


H 


A~ =- 


1 

4 -1 

X=A~ i B 


■1 -1 
4 1 

l 


x 

_ I 

"1 1 ' 

“75' 

J. 

~~ 5 

_4 -1 

0_ 


1(75) + 1(0) 
4(75) + (— 1)(0) 
'75 
300 


75 
5 

300 
. 5 

“151 
60 
x =1 5cm 
y = 60cm 


Now 


Q.3. Two sides of rectangle differ by 
3.5cm. Find the dimensions of the rectangle 
if its perimeter is 67cm. 

Let required sides of rectangle are x and y. 
According to first condition 

x— y =3.5 >(/) 

According to 2" 1 ' condition 
Perimeter =67 

2(x+y) =67 

=> x+y =33.5 >(ï7) 

In matrices form 


A = 

1 
1 


1 - 
1 1 
3.5' 
33.5 

\A\ = 


1 

-i 

X 


~3.5" 

1 

i 

_;y_ 


33.5 






r 


3.5 

-l" 



33.5 

1 


1 


-1 

1 

= 1 ( 0 - 1 (- 1 ) 
= 1 + 1 = 2*0 
I AJ 


x 


A 

3.5 

33.5 


_ 3.5(1) -33.5(-l) 
2 

3.5 + 33.5 
’ 2 
37 

=—=18.5 


v = v- 


w 


3.5 

33.5 


1( 33 .5) -1(3 . 5) 
2 

33.5-3.5 


30 


= 15 


2 

*=18.5, y=15 

Q.4. The third angle of an isoseeles 
triangle is 16° less than the sum of the two 
equal angles. Find three angles of the 
triangle. 

Let third angle of triangle = y 
and two equal angle of triangle = x 
we know that 

x+x+y =180° 

2x+y = 180" (0 

According to given condition. 

y=2x— 16 

2x- y =1.6 
In matrices form 


'2 

1 ' 

x 


'180' 

2 

-1 

_y_ 


16 

L. -J 


Now 

A 


AX=B 


X=A~ l B 


2 1 
2 -1 




|A| = 


2 1 

2 -1 


|A| = 2( — 1) — 2(1) 


Adji4 = 


— -2 — 2 
= -4^0 

'-1 -1 
-2 2 

= R XAdjA 

-1 -Il 

L — 2 2 

2 

4 


x+ y =90" (/) 
According to given condition 
JC=2y+12° 

x — 2y = 1 2° » (il) 

In matrix form 


We hâve 


'1 1 ' 

JC 


'90' 

1 -2_ 

.y. 


12 




j 

"i i ' 


'90 I " 

~l 1 ' 


A = 


, A r — 





I -2 

* A 

12 -2 

2 -2 






“ 1 




1 

<0 

O 


A~ l B 

J 

*1 I m 

% = 

1 12 



JC 

1 

'1 1 ' 

1 

O 

00 

1_ 

Now A = 


~4 

2 -2_ 

16 

' L 


-1 

4 

2 

4 

2 

4 


1(1 80) + 1(16) 
.2(1 80) + (-2)(J 6) 

180+161 

360-32 

196 
328 


M 


i 1 1 

1 ~ 2 . 
=l(-2)-l(l) 

= - 2-1 
= -3*0 


M 

90 1 

12 -2 


X 


'49' 

'_y_ 


00 
t to 


Hence : x = 49° , y = 82° 

Reqoired angles are 49°, 49°, 82°. 

Q.5. One acute angle of a right triangle 
is 12 more than twice the other acute 
angle. Find the acute angles of the right 
triangle? 

Let acute angles of right angled 
triangle are x and y 
We know that 


x =- 


90( — 2) — 1(12) 
-3 

-180-12 


y 


-192 


w 


= 64 " 


1 90 
I 12 


-3 

= Kl 2) -1(90) 

-3 

_]2-90 

-3 
_ -78 

~~ - 3 ~ 

= 26 ° 

Required angles are 
26° and 64° 

=> x-64° 

=> y= 26° 

Q6. Two cars that are 600 km apart 
are moving towards each other. Their 
speeds differ by 6km per hour and the 

cars are 123 km apart after 4^ hours. 

Find the speed of each car. 

Solution: 

; Let required speed of two cars are x and y 

According to given condition 
x-y- 6 
9 9 

— x - — y =600 -123 = 477 
2 2 

x— y =6 

9x + 9y =477 x 2 = 954 

=> x-y =6 

9x+9y=954 
In matrix form 


"1 -f 

x 


" 6 " 

9 9 

y. 


954 



"1 -f 


" 6 -f 

A = 

, A... = 


9 9 

’ A 

.954 9 _ 


A,. = 


Now 

A 


1 6 
9 954 


1 -1 


9 9 

|A| =1(9)— (— 1)(9) 

=9+9=0 
= 18 + 0 



6 -l 

il 

.2? 

954 9 


W « 

. 6(9) -(-1) (954) 54+954 1008 


18 


18 


18 


: 56km / h 


1 6 
9 954 


|/1| 18 
1(95 4) -6(9 ) 
18 

954-54 


90Q| 

18 


50km / h 


OBJECTIVE 


1 .The order of matrix [2 1] is 

(a) 2-by-l (b) l-by-2 

(c) 1-by-l (d) 2-by-2 

'4ï 0 


2 . 


0 


42 


is called Matrix. 


(a) zéro (b) unit 

(c) scalar (d) singular 

Which is order of a square matrix ? 
(a) 2-hy-2 (b) I-by-2 

(c) 2-by-l (d) 3-by-2 


4. Which is order of a rcctangular matrix? 
(a) 2-by-2 (b) 4-by-4 

(c) 2-by-l (d) 3-by-3 


5. Order of transpose of 


is 


(a) 3-by-2 (b) 

(c) l-by-3 (d) 

r l 21 

6. Adjoint of is 


2- by-3 

3- by-l 


0 


'-I -2 

0 1 

(b) 

fl 

-21 

0 

'-1 2" 


f-1 Ol 

0 -I 

(d) 

_ 2 

1 


(a) 

(c) 


J2 6| 

7. It I ; - 0 , then x is equal to: 


|3 x| 

(a) 9 
(c) 6 

8. Product of [x yj 

(a) |2x + y] 

(c) [2x-yJ 


9. If x + 


0 


(b) 

(d) 

2 ' 


(b) 

(d) 

T 1 

Lo 


~6 

-9 


is 


|x-2y] 
[x + 2y] 


then xis equal to. 



~2 

2 


0 

2 

(a) 

2 

0 

(b) 

2 

2 _ 

(c) 

‘2 

0 

0' 

(d) 

'2 

2 


2 _ 

0 

2 _ 


10. The idea of a matrices was given by: 

(a) Arthur Cayley (b) Dr. Aslam 
(c) Dr. Ali (d) Dr. Khalid 

1 1 . The matrix M = [2 -I 7] is a — 
matrix. 


(a) Row 
(c) Square 

1 2. The matrix N = 

(a) Row 
(c) Square 

13. The matrix A - 


(a) Rcctangular 
(c) Row 


14. The matrix B 

w* 


(b) Column 
(d) Nul! 

is a matrix. 


(b) 

(d) 

1 2 
1 1 
2 3 _ 
(b) 
(d) 

1 2 
-1 0 
0 1 


Column 

Nul! 

is a matrix. 


Square 

Column 


is a 


matrix. 

(a) Reclangular (b) 

(c) Row (d) 

1 5. If A is a matrix then its transpose is 
denoted by: 

(a) A e (b) 

(c) A (d) 

1 -2 

16. II A = then —A = 


Square 

Column 


A 1 

(A 1 ) 1 


3 4 


(a) 

(c) 


-I 2 
-3 -4 

’l 2 
3 4 


(b) 

(d) 


l -2 
-3 -4 

-1 2 
3 -4 


17. A square matrix is symraetric if 

(a) A 1 = A (b) A c = A 

(c) (A 1 )^ —A 1 (d) None 

1 8. A square matrix is skew-symmetric if: 

(a) A' = -A (b) A c = -A 

(c) (A 1 )^ -A‘ (d) None 

0 0 (f 

0 1 0 is a matrix. 

0 0 3 

(b) Scalar 


19. The matrix c 
(a) Diagonal 


(c) Identity 

20. The matrix a = 

(a) Diagonal 
(c) Identity 

21. The matrix A = 


(d) Zéro 
200 
0 2 0 
0 0 2 

(b) Scalar 
(d) Zéro 
1 0 0 ^ 

0 1 0 
0 0 1 


is a matrix. 


is a 


matrix. 

(a) Diagonal (b) Identity 

(c) Zéro (d) None 

22. The scalar matrix and identity matrix 

are matrices. 

(a) Diagonal (b) Rectangular 

(c) Zéro (d) None 

23. Every diagonal matrix is not a 

matrix. 

(a) Scalar (b) Identity 

(c) Scalar or identity (d) None 

24. If A, B are two matrices and A 1 , B' 
are their respective transpose, then: 

(a) (AB/ = B‘ A 1 (b) (AB) 1 = A‘ B‘ 
(c) A 1 B* 


25. 


of A is: 

(a) ad - bc 
(c) ad + bc 


= AB 

(d) None 


"-I 2 

a b 

c d 

then the déterminant 

(a) 

0 1 

‘-T -2 


(b) bc - ad 
(d) bc + ad 


26. 

if 


A square matrix A is called singular 


(a) IÀI * 0 (b) IAI = 0 

(c), A = 0 (d)A' = 0 

27. 'A square matrix A is called non- 
singular if: 

(a) IAI = 0 (b) A = 0 

(c) IAI * 0 (d) A' = 0 

28. Inverse of identity matrix is 
matrix. 

(a) Identity (b) Zéro 

(c) Rectangular (d) None 

29. AA -1 = A -1 A = 

(a) Identity matrix 

(b) Rectangular matrix 

(c) Zéro matrix (d) none 

30. (AB) -1 = 

(a) A -1 B -1 (b) B -1 A -1 

(c) BA (d) AB 


31. Additive inverse of 


1 -2 

0 -1 


is 


0 -1 


(b) 

(d) 


1 -2 

0 1 

1 -2 

0 -1 




[ I 

b 

2 

C 

3 

a 

4 

C 

5 

d 

6 

a 

7 

a 

8 

c 

9 

d 

10 

a 

11 

a 

12 

b 

13 

a 

14 

b 

15 

b 

16 

a 

17 

a 

18 

a 

19 

a 

20 

b 

21 

b 

22 

a 

23 

c 

24 

a 

25 

a 

26 

b 

27 

c 

28 

a 

29 

a 

30 

b 

31 

a 




Complété the foüowing: 

0 Ol 

is called matrix. 

0 0 

Null / Zéro matrix 
0' 


0 1 


is called Matrix. 


iii. Additive inverse of 





*19 -6" 

"I -2 


Il 



is ... 


-4 -3 

0 -1 



L J 


r 



*2 3" 


*5 -4* 

-1 2 


(ii) -3A + 2B = -3 


+2 


0 1 



1 0 


-2 -1 


IV. 


In matrix multiplication, in 
general, AB BA. 


vi 

* 


Matrix A + B may be found if 

order of A and B is 

Same 

A matrix is called .... matrix if 
number of rows and columns are 
equal. 

Square 

If 


a + 3 

4 ' 


'-3 

4 

6 

b-1 


6 

2 _ 


then find a and b. 

Ans. =>. a + 3 = -3 .. 

b- 1 =2 .... 
From (I) a = - 3 - 3 
a = - 6 

From (II) b = 2+ 1 
b = 3 
'2 3 

1 0 


•(I) 

(H) 


If A = 


, B = 


5 

-2 


-4 

-1 


, then 


find the following. 
Ans. 

(i) 2A + 3B 


2A + 3 B = 2 


2 3 
1 0 
4 6 
2 0 


+3 


5 -4 

l -2 -1 
15 -12 
-6 -3 


4 + 15 6-12 
2-6 0-3 


-6 -9 
-3 0 

-6 + 10 
-3-4 


10 -8 
-4 -2 
-9-8 
0-2 


4 

-7 


-17 

-2 


A + 2B = 


(iii) - 3 (A+2B) 

~2 3 

1 0 

'2 3 

1 0 

2+10 3-8 
1-4 


+ 2 


3(A+2B) 
2 


0-2 
= -3 


5 -4 

-2 -1 
10 -8 
-4 -2 
-5 


12 
-3 -2 


"12 

-5* 


"-36 

15" 

-3 

-2_ 


-9 

6 


(iv) 


(2A-3B) 


2A-3B = 2 


2 3 
1 0 
4 6 
2 0 


5 -4 

-2 -1 
15 -12 
-6 -3 


<>> | K> 


(2A-3B)=- 


4-15 6 + 12 
2+6 0+3 

-11 18 
8 3 

-11 18 
8 3 


'-22 

36" 


'-22 

12 

3 

3 


3 

16 

3 

6 

3 . 


“ 2 

3 J 


5. Find the value of x, if 


Ans. 


x 


1 


-3 

-2 

-2 


+ x : 


+ x = 


-2 

-2 


L JL 





"6-6 12-10" 

'4-2 -2-1" 


' 2 -3" 


= 

-1-3 —2 + 3^ 


-4 1 



2+3 4+5 






If A 


i) 

Ans. 


0 1 
_2 -3 

then prove that 
AB ^BA 
AB ?tBA 
'0 1 


B = 


4 

-2 


AB = 


2 -3 


-3 

5 


0(— 3) + 1(5) 0(4) + 1(— 2) 

2(-3) + -3(5) 2(4) + — 3( — 2) 
5 -2 

-21 14 


BA 


If A 


B 


Ans. 

L.H.S 

AB 


-3(0) + 4(2) —3(1) +4(— 3: 
5(0) +-2(2) 5(1) h — 2(— 5 
' 8 - 15 " 

-4 H 
AB * BA 
"3 2 

1 -1 
2 4 

-3 -5 

(i) (AB) 1 = B‘ A‘ 

(ii) (AB)" 1 = B" 1 A -1 

(i) (AB)‘ = B ( A* 

= (AB) 1 

3 2 1 T 2 4 

1 -lj [-3 -5 
3(2) + 2(— 3) 3(4) + 2(— 5) 

1(2)+— 1 (-3) 1(4) H — 1(-5) 


and 

then verify that 

A 


(AB) 1 

R.H.vS 
A* = 

B 1 = 


5 9 
0 5~| 
2 9 . 
B‘ A 1 

3 l 
2 
2 

4 



B t A t = 

"2 

-3“ 

'3 r 

2 -1 



4 

-5 


"-3 4 ' 

'0 1 “ 



"2(3) +-3(2) 

2(1) H — 3( — 1)~ 

5 -2 

2 -3 



4(3) + -5(2) 

4(1) + — 5(-l) 


6-6 2 + 3' 

12-10 4 + 5 
'0 5 
2 9 
L.H.S = R. H. S 
Hence: (AB)' = B* A 1 
(ii) (AB)" 1 = B"' A -1 
'3 2 


A = 

1 -1 

L.H.S = (AB) -1 
AB = 




4 

-5 


'3 

2] 

1 

NJ 

1 

1 

-1 

-3 -5 


3(2) + 2(-3) 3(4) + 2(-5)" 



'-5 -4' 

l(2) + -l(-3) 1(4) — 1 (-5) _ 


2 

_ 3 2 


' 6-6 12—10 
2 + 3 4+5 

0 2" 

5 9 


(AB)' 


1 


>1 

0 2 

H — 

5 9 


AB[ 

=0(9) - 5(2) = -10 * 0 


A-l 


1 

'9 

-2" 

1 

'-9 

2" 

-10 

-5 

0 

J 

"10 

5 

0 


-9 l 
10 5 

2 


0 


R.H.S = B -1 A _î 
'3 2 

1 -1 


| Aj =3( — 1) — 1(2) 
AdjA = 


-3-2 = -5^0 


1 -2 

1 3 


A _1 =A AdjA=— 
|A| -5 

2 4 

-3 -5 

Bl = 2(— 5) — ( — 3)(4) 
= -10 + 12 = 2*0 


-1 -2 
-1 3 


B= 


B" 


1 


AdjB 


B-S-uf-lYll 

5 J{2J 


-4 

2 


-1 -2 

-1 3 J 



1 

"— 5(— 1) + — 4(-l) — 5( — 2) H — 4(3) 


~-10 

_ 3( — 1) + 2( — 1) 3(-2) + 2(3) _ 



-1 

"5+4 10-12" 

1 

"9 

-2" 

AdjAB 

" 10 

-3-2 -6+6 

“-10 

—5 

0 


-9 


10 -10 
-5 0 


-10 -10 

-9 1^ 

10 5 

- 0 
2 

L.H.S = R.H.S. 

Hence: (AB) -1 = B -1 A" 1 


